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ABSTRACT 
This study is a selective compendium of measurements and features relating to 
framing from Mediterranean shipwrecks dating from the 5th century B.C.E. through the 
9th century C.E., with the goal of better understanding the transition from shell-based to 
frame-based ship construction.  With a few notable exceptions, little more than cursory 
measurements and analyses are published regarding the framing pattern in ancient 
Mediterranean ships, a system that has been broadly and nondescriptly labeled as “floor 
timbers alternating with paired half-frames.”  From its first appearance until the 6th 
century C.E., the pattern of floor timbers alternating with paired half-frames remains in 
relative stasis with only a few notable developments.  Framing continues to be a non-
integrated and secondary form of hull rigidity until the 8th and 9th centuries C.E. when a 
new system appears – successive and alternating L-shaped floor timbers extended by 
non-fastened futtocks, or in-line framing.  The reasons for the quick adoption of this new 
system are not entirely clear, but are likely economic in nature.  Regardless, the 
introduction of in-line framing, along with the transition away from strong hull edge-
joinery, prompted the obsolescence of the centuries-old arrangement of floor timbers 
alternating with paired half-frames.  While framing systems in ancient Mediterranean 
ships have received little focused attention in the past, it is clear that the incremental 
changes between the 4th century B.C.E. and the 9th century C.E. reveal larger patterns in 
ship construction. 
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CHAPTER I 
INTRODUCTION 
 
In 1995, Richard J. Steffy stated that the number of excavated shipwrecks was 
increasing, but the knowledge about shipbuilders’ methods for designing and controlling 
the shapes of their ships was not.1  He went on to say, “We have documented a lot of 
trees… but we still have to find the forest.”2  The factors he believed to have led to this 
problem are the insufficient recording of hulls and unimaginative avenues of research.  
One area of weakness he specifically pointed out in ship recording concerns the framing.3  
For instance, he stated that frame spacing should be standardized – measured center-
to-center at a number of points along the frames, especially at the keel and the turn of 
the bilge.4  Whether it is due to the high costs faced during complete shipwreck 
excavation, the extreme variability in ship design, the range of hull preservation, the lack 
of regimented training of nautical archaeologists, the excavation of shipwrecks by non-
nautical archaeologists, or the lack of a platform for disseminating raw timber 
measurements, it seems that Steffy’s call for standardized recording has gone unheeded 
– particularly in regards to framing in ancient Mediterranean shipwrecks.  With a few 
                                                          
1 Steffy 1995, 417. 
2 Steffy 1995, 417. 
3 Steffy 1996, 559. 
4 Center-to-center spacing is the distance between the center of one frame and the center of the next 
adjacent frame.  This is different from room-and-space measurement which is defined as the distance 
from the moulded edge of one frame to the same spot on the next frame. 
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notable exceptions, little more than cursory measurements and analyses are published 
about the framing pattern in ancient Mediterranean ships, a system that has been 
broadly and nondescriptly labeled as ‘floor timbers alternating with paired half-frames.’  
The transition between shell-based and frame-based construction, as well as its relative 
chronology, is one of the most intensely contested issues in ancient ship construction.5  
Under the assumption that developments in framing played an important role in this 
transition, this lack of synthesized information impedes further progress in this area.  
The 4th-century B.C.E. shipwreck at Kyrenia is hailed as the classic example of floor 
timbers alternating with paired half-frames – it is not only the earliest shipwreck to 
exhibit this framing pattern, but it is also well preserved.  Like all ships of shell-based 
construction, the shape of the Kyrenia shipwreck’s hull is dictated by the arrangement of 
the planking, which primarily is assembled before the framing is installed.  After detailed 
and thorough analysis, it became clear that the frames played no active part in the 
shaping of the hull.6  The first indisputable evidence of the installation of a frame prior 
to the completion of all the planking comes almost 800 years later with the Yassıada 4th-
century C.E. wreck – though it is only with the midship frame.7  However, this transitional 
ship is still classified as a shell-built vessel, since the shape of the hull is dictated by the 
plank-first assembly of the hull and not the frames.  Many archaeologists have posited 
their wrecks as the first frame-based ship, but the 11th-century C.E. Serçe Limanı wreck 
                                                          
5 Basch 1972, 15-6; Hocker 2004, 6-8; Pomey 2004b, 25; Pomey et al. 2012, 235.  
6 Steffy 1994, 57-8. 
7 van Doorninck 1976, 126. 
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is the earliest example that is widely accepted as one of the earliest ships in which a 
portion of the hull, particularly amidships, was erected prior to the assembly of the 
planking.8 
Conventional scholarly opinion is divided on how and when the development in 
construction proceeded during the intermediate 1500 years between the Kyrenia and 
the Serçe Limanı shipwrecks.9  We can guess that economic reasons were the primary 
motivation for shipbuilders to alter centuries of shipbuilding tradition, but we do not 
know when this new tradition began, where it began, how these changes were 
implemented, and how quickly this diffusion of knowledge occurred.  In one of the most 
recent and comprehensive surveys of ship framing, Pomey et al. addressed some of these 
issues surrounding the transition from shell-based to frame-based construction.10  In 
addition to arguing for an earlier completion of this transition, they also suggest a multi-
lineal evolution that occurred in different geographic regions of the Mediterranean at 
different times.  To study this transition, they suggest that several indicators of ship 
construction should be observed.  They highlight the most commonly observed feature 
– the reduced importance of edge-joinery strength – but argue that there are other 
identifiable technical characteristics that should be taken into consideration, including 
the frames and their fastening to the keel and keelson. 
                                                          
8 Steffy 2004, 154-61. 
9 Pomey et al 2012, 236-37; Steffy 1991, 1. 
10 Pomey et al. 2012, 235-314. 
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Using the criteria defined by Hocker, they reviewed over 30 different shipwrecks 
to determine the geo-cultural ‘roots’ of ship construction traditions in the 
Mediterranean, looking at design, building process, and structural philosophy.11  In a 
shell-based vessel, the shape of a hull will be dictated by the assembly of the planks, and 
therefore design and assembly are inseparable.  In contrast, the structure of a frame-
based ship must be determined during the design phase, before construction begins and 
completely separate from the hull’s assembly.  The structural philosophy of a vessel is 
the way in which the timbers are intended to distribute the stresses it will encounter.  
For most shell-based ships, the pegged mortise-and-tenon joinery is the primary source 
of their strength, whereas a frame-based ship derives its rigidity from the integration of 
the framing system.  Though the archaeological record exhibits evolving features in 
design and assembly, indicating the development from shell-based to frame-based 
construction, ultimately the transition in shipbuilding practice in the Mediterranean is 
marked by a switch in the shipwrights’ structural philosophy. 
The ships studied by Pomey, with the exception of one, came from the 
Mediterranean.  Pomey et al. believed that the first possible evidence for the transition 
can be seen in a type that is identified as “western Roman Imperial” tradition, which is 
marked by flat-bottomed hulls, a gently rounded turn of the bilge, frames bolted to the 
keel, overlapping half-frames, a long mast step set into two sister keelsons, and the use 
                                                          
11 Hocker 2004, 6. 
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of either active or partially active frames.12  They hypothesized that this type of vessel 
developed in the western Mediterranean sometime in the 2nd century C.E., based on the 
earliest archaeological example of this new type, the Saint-Gervais III wreck.  Discovered 
off the coast of southern France, this vessel had a flat-floored main frame and a sharply 
rounded turn of the bilge, but more importantly, there was evidence found for 
potentially active frames – 3 tenon pegs were driven from the exterior of the hull and 
found under a bolted frame.13  This was contrary to what was seen in the rest of the hull 
and other classic examples of shell-built vessels, where the tenon pegs were driven from 
the interior.  The insertion of pegs from the exterior has been interpreted as evidence 
that the frame, already in place, may have been in the way of the builder.  The Saint-
Gervais III wreck is a prime example of a ship that exhibits some of the indicators of the 
transition from shell-based to frame-based construction, but does not actually mark the 
inception of this new shipbuilding tradition.  Oddities or changes in the ship’s design or 
assembly are insufficient; there must be evidence of a conceptual change in structural 
philosophy.  
Prior to the advancement of the western Roman Imperial tradition, the only 
shipbuilding tradition that was recognized by scholars is the Graeco-Roman, or 
Hellenistic, tradition based on pegged mortise-and-tenon joinery, to which Pomey et al. 
                                                          
12 A flat-floored vessel is differentiated from a flat-bottomed vessel in the fact that a flat-floored vessel as 
flat floor timbers and a keel. A flat-bottomed vessel has flat floor timbers but does not have a keel. 
13 An active frame is defined as a frame that determines the shape of the side planking (Basch 1972, 2). 
Active frames are a necessary component for frame-based construction. 
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considered the Kyrenia shipwreck to belong.  While there is debate as to whether the 
Graeco-Roman tradition was a natural development of the Greek laced tradition, as 
Polzer hypothesizes, or an introduced technology, it is indisputably a shell-based 
tradition.14  As stated, the basic framing pattern of this ship construction method was 
floor timbers alternating with paired half-frames, which varied from the western Roman 
Imperial tradition where the half-frames overlapped the keel axis of the ship.  According 
to Pomey et al., this new development in framing provided more rigidity to the hull.15  
While this is true, it is only seen on two to three frames which makes it difficult to call 
this feature a new ‘development.’ 
In discussing frame-based construction, Kahanov largely agreed with Pomey et al. 
and believed that the development took place earlier in the 1st millennium C.E.16  He also 
argued that other important changes in construction were taking place alongside the 
reduction of plank-edge joinery.17  In that vein, he posited four structural benchmarks as 
additional indicators: frames nailed to the keel, plank butt joints located at frame 
stations, the absence of planking edge joinery, and the presence of caulking in all 
planking seams.  But these ‘indicators’ come with a certain degree of ambiguity; how 
many frames have to be nailed to the keel in order to indicate a visible transition toward 
frame-based construction?18  The larger point that should be made here is that no single 
                                                          
14 Polzer 2010, 33-4; Polzer 2011, 368-69. 
15 Pomey et al. 2012, 298. 
16 Kahanov 2010, 78. 
17 Kahanov 2010, 79. 
18 Kahanov 2010, 79. 
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construction feature is or ever will be the definitive indicator for this intricate transition.  
This does not negate the value of studying these particular construction features in 
shipwrecks; rather, it is only through their rigorous study that scholars will better 
understand the shift from shell- to frame-based construction. 
Kahanov examined factors like frame size and room-and-space, and determined 
that there is no unequivocal pattern or tendency.19  His only overriding conclusion was 
the same one that has been widely accepted about the change from shell- to frame-
based construction – it was not a linear transition.20  This is an undeniable and 
predictable fact considering both the geographic and chronological range of the evidence 
and the relatively limited number of wrecks being examined.  But this does not imply an 
absence of directional development in ancient shipbuilding in the Mediterranean.   
The reason for this is simple and best described by Steffy.21  A given vessel will 
always be a means to an end for those involved in its creation, whatever those ends may 
be, i.e., to trade or to make war.  A shipwright’s goal is to build the desired vessel as 
quickly and as cheaply as possible.  Frame-based ship construction is fundamentally more 
efficient than shell-based construction in terms of both time and resources.  Therefore, 
just like the shift that took place from lacing to pegged mortise-and-tenon joinery in the 
Greek world, there should be a directional, although non-uniform, transition from shell- 
to frame-based construction as knowledge was disseminated across the Mediterranean.  
                                                          
19 Kahanov 2010, 81. 
20 Kahanov 2010, 82. 
21 Steffy 1994, 84. 
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As with biological evolution, this transition in ancient ship construction was the result of 
thousands of years of ship permutations based on trial and error in which the builders 
selected between traditional and new, more advantageous features.  It is a continuum, 
not marked by a single cataclysmic event; so the question for nautical archaeologists is 
not when specifically the transition from shell- to frame-based construction begins, but 
how we can discern its presence in the archaeological record.  To that end, this study is 
a selective compendium of measurements and features from 91 Mediterranean 
shipwrecks dating to the 5th century B.C.E. through the 9th century C.E. that exhibit 
framing properties relevant to this transition. 
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CHAPTER II 
5th CENTURY B.C.E. 
 
In order to gain better context for the development of framing during the 1st 
millennium C.E., it is necessary to study the preceding transition from laced to pegged 
mortise-and-tenon construction in Mediterranean shipbuilding.  This transition is the 
only other major shift in the approach to framing structure, and its well-documented 
archaeological evidence provides an analog for the transition to frame-based 
construction.  While there are numerous laced traditions from around the world, the 
lacing tradition seen in the late-5th century B.C.E. Ma’agan Mikhael ship originates from 
the Aegean and is differentiated from others in the Mediterranean which are based on 
the use of tetrahedral notches.22  The pegged mortise-and-tenon tradition dates as far 
back as the 14th century B.C.E. with the Uluburun shipwreck, but no framing elements 
were recovered from this wreck.23  The following section explores the Ma’agan Mikhael 
wreck, a partially laced vessel dated to 400 B.C.E., when closely spaced and tightly fitting 
pegged mortise-and-tenon joinery had not yet become the dominant construction 
technique, at least in the Aegean.   
The Ma’agan Mikhael shipwreck was discovered off the coast of Israel, near 
Haifa.24  What makes this shipwreck important is that it was built with a combination of 
                                                          
22 Kahanov 1998, abstract. 
23 Pulak 1999, 213.  
24 Steffy 1994, 40. 
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lacing and pegged mortise-and-tenon joinery, thus making its construction a transitional 
one.25  The ship was assembled with pegged mortise-and-tenon joinery, but at the stem 
and stern the end of the garboard was laced to the keel.  The hood-ends of the planking 
were laced to a knee which was located between the keel and the endposts.  This was 
done because the extremities of the vessel were the hardest to secure to the endposts 
due to excessive bending of the planking from near horizontal amidships to almost 
vertical at the bow and stern ends.  The conservative shipwrights, rather than trusting 
the mortise-and-tenon joints for this process, reinforced the joints by lacing.  The 
hoodends of the strakes near the extremities were laced to the endposts and 
reinforcement knees, which were buttressed to and provided support for the ends of the 
keel and the end posts.26  Over 11 of the original 13.5 m of hull length of the well-
preserved vessel survived.  The Ma’agan Mikhael ship was fitted with assembled or 
made-frames, most commonly associated with purely laced ships, like those on the 
earlier the Bon Porté ship dated to ca. 525 B.C.E.27  Made-frames were comprised of floor 
timbers and futtocks that were assembled with the use of scarfs and fastened together 
with small treenails.  After the frame assembly had been completed and shaped to fit to 
                                                          
25 Dated to the end of the 6th century B.C.E., the Jules-Verne 7 wreck is also a noteworthy transitional 
vessel.  The planking is fastened using pegged mortise-and-tenon joinery in the center of the ship while 
also using lacing at the bow and stern.  It differs from the Ma’agan Mikhael ship in that it does not use 
alternating floor timbers with paired half-frames.  This speaks to the slow and uneven way in which 
shipbuilders were transitioning to this new method of fastening hulls. 
26 Steffy 1994, 41. 
27 Pomey 1981, 225. 
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the interior of the existing laced hull, it was installed and fastened to the planking to 
provide additional reinforcement.   
The use of copper nails in attaching framing to the hull on the Ma’agan Mikhael 
ship is also noteworthy, as it is an early example of the use of metal nails for this purpose.  
This is a departure from other laced vessels, like the Bon Porté or Jules Verne wrecks 
(with the exception of Jules Verne 7 which used metal nails), where lacing was the 
principal method for attaching frames to the hull.28  Metal fasteners appear as early as 
the last quarter of the 6th century B.C.E., although they do not become standard until the 
4th century B.C.E.29  Based on the finds at Jules Verne and those of other transitional laced 
vessels, there is an association between metal fasteners and the transition to pegged 
mortise-and-tenon construction. 
In the Ma’agan Mikhael ship a total of 14 frames survived, made of compass 
timbers – naturally formed pieces of wood with curvatures that were suitable for use in 
framing.30  This allowed the shipbuilder to minimize the amount of work needed to shape 
the frames; in some cases, the frames still had bark on them.  According to the 
excavators, the frames conformed very closely to the hull planking, usually within 0.002 
m, though there were some gaps up to 0.01 m in size.31  The cross-section of the frames 
was typical for laced hulls in that they were roughly trapezoidal in shape, with the 
                                                          
28 Pomey 1995, 478. 
29 Pomey 1996, 430. 
30 Kahanov 2003, 88. 
31 Kahanov 2003, 90. 
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narrower side positioned to rest on the planking.  The frames were widely spread, with 
a center-to-center spacing of 0.75 m, and were not fastened to the keel; some did not 
make contact with the keel.32  The made-frames were attached to the hull with square, 
double-clenched copper nails that were driven from the outside of the hull with a 
general, but not absolute, rule of one nail in each strake per frame.  According to the 
excavators, the ship was built with skilled carpentry by experienced and professional 
shipwrights drawing from a known and well-developed (mostly laced) tradition.33  What 
can be learned from the framing of the Ma’agan Mikhael ship?  Closer examination shows 
that the introduction of pegged mortise-and-tenon joinery contemporaneously brought 
about changes in the framing, particularly in regards to frame spacing, placement of 
notches on the under face for accommodating lacing seams, and overall shape. 
One trend that is clearly evident in the transition from laced to pegged mortise-
and-tenon joinery is that the frames become more closely spaced.  The average center-
to-center spacing for the Ma’agan Mikhael wreck is 0.75 m, already noticeably closer 
than the spacing observed just a century earlier in wrecks like Jules Verne 7 or Gela 1, 
which average 0.98 m and 0.84 m, respectively.34  Just a century later, the Kyrenia ship’s 
framing shows an average center-to-center spacing that has decreased to 0.25 m.  The 
effect of bringing the frames closer together it makes the vessel more rigid.  This trend 
harmonizes well with the transition to pegged mortise-and-tenon joinery, which is a 
                                                          
32 Steffy 1994, 41. 
33 Kahanov 2003, 111. 
34 Kahanov 2003, 120; Pomey 1995, 475-78. 
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more rigid method of fastening a hull than lacing.  Even so, 0.75 m of spacing between 
frames is still fairly wide if one is attempting to build a more rigid hull, but this is easily 
explained.  The framing system is being adapted to accommodate the more rigid hull 
construction technique, not the other way around.  Therefore, a lag is to be expected 
between the introduction of pegged mortise-and-tenon joinery and the strengthening of 
internal framing, affected through frame spacing.  The edge fasteners of the hull planking 
are still the priority, and the frames remain a secondary concern for centuries to come.   
The metal-fastened frames of the Ma’agan Mikhael ship are the first to be shaped 
without notches on their bottom face.35  Previously, the notches were cut in the under 
surface of the frames to allow space for the lacing seam; in the Gela 1 shipwreck, the 
frames were fastened with metal nails but the notches were still cut on the bottom of 
the frames even though no lacing was used to fastened the planks, a technological 
hangover that has been attributed to the traditional mindset of shipwrights.36  The 
frames of the Ma’agan Mikhael ship are a step further from the lacing tradition – the 
notched bottoms are in the process of being phased out as this additional task is no 
longer necessary for the fastening of the frames to the hull.   
The trapezoidal cross-sectional shape of the Ma’agan Mikhael ship’s frames is 
typical for Greek laced ships.  Frames in laced vessels have a wide and rounded upper 
face to facilitate the fastening of the frames to the hull with lacing.  The large, rounded 
                                                          
35 Kahanov 2003, 121. 
36 Freschi 1991, 187; Kahanov 2003, 122. 
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frame face allows for a stronger bind between the planking and the frame by preventing 
the lashing cordage fibers from tearing on sharp edges.  Yet, the same basic shape is 
visible in the frames of the Ma’agan Mikhael ship, even though these frames are not 
lashed to the hull but nailed in place with double-clenched copper nails.  This provides 
additional evidence that there is a lag between the transition taking place in hull 
fastening and framing.   
The framing of the Ma’agan Mikhael ship represents a technological hybrid, 
encompassing traits derived from both laced and pegged mortise-and tenon 
construction.  The made-frames are constructed similarly to those used in laced vessels.  
The rounded trapezoidal cross-sectional shape is also indicative of traditional laced 
construction.  More importantly, they continue to be used as frames in laced vessels, 
installed after the completion of the hull and therefore not essential to the formation of 
the hull shape.  In the Ma’agan Mikhael ship, the pegged mortise-and-tenon tradition is 
in the process of succeeding the older laced tradition, so much so that it is difficult to 
determine which of the two philosophies is dominant in the ship’s construction.  In fact, 
one could argue that there is a dual philosophy – the fastening of the hull planking in 
Ma’agan Mikhael ship is governed by pegged mortise-and-tenon construction while the 
frames are very much rooted in the laced tradition. 
While decreased frame spacing, notch-free frame bottoms, and pegged mortise-
and-tenon planking joinery are all consistent with the construction of a more rigid hull, 
the additional labor involved in shaping rounded frames is seemingly unnecessary and 
15 
 
incompatible.  The framing system transitions slowly in response to changes in the hull 
fastening method, resulting in a technological lag between the two.  It may be argued 
that the shipwrights used built-frames that had already been designed and fashioned for 
laced boats, but this is unlikely because frames must be individually shaped to fit each 
pre-built hull.  Therefore, it appears that the shipwrights were slow to accept the new 
adaptations even though it was more time consuming, and continued to employ the 
frame types with which they were familiar.  Within a century, the laced tradition and its 
associated framing style had been almost completely phased out, with the exception of 
the northwestern Adriatic basin where the use of lacing in hull construction continued 
through the Roman Imperial period and later.37  
                                                          
37 Willis and Capulli 2014, 15. 
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CHAPTER III 
4th CENTURY B.C.E. 
 
The shipwreck found near the town of Kyrenia, whose construction dates to the 
end of the 4th century B.C.E., is one of the most important examples of framing from the 
Hellenistic world, as it is one of the most thoroughly excavated and recorded, as well as 
providing the earliest example of floor timbers alternating with paired half-frames.38  The 
shipwreck, which was excavated from 1968 to 1969 under the direction of Michael and 
Susan Katzev, is the cornerstone of our current understanding of this new and enduring 
framing tradition; indeed, as Steffy observed, “[the Kyrenia ship] had a series of floor 
timbers that would be improved and remain forever.”39  The ship was built in the shell-
based tradition using pegged mortise-and-tenon joinery and was estimated to be 14 m 
in length with a cargo capacity of 25 tons.40 
 Although the Ma’agan Mikhael and Kyrenia ships present two distinct patterns of 
hull framing, there is one critical similarity regarding their construction.  The framing is 
being increasingly valued as a source of structural rigidity, as evidenced by the decreased 
spacing between frames and thus resulting in more frames being installed.  However, in 
both ships the framing remains an ancillary concern in regards to the planking edge-
fasteners, at least until the use of potentially active frames in the 6th century C.E. in which 
                                                          
38 Katzev 2005, 75; Steffy 1994, 42. 
39 Steffy 1995, 52 
40 Steffy 1985, 100. 
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hulls without edge fasteners are found.41  Both ships use compass timbers in their 
frames, which are ideal for use in framing because of their natural strength; compass 
timbers continue to be used in frame timbers whenever feasible or available.  The 
irregular shapes of the three outward faces of the frame timbers and the presence of 
bark on some floor timbers of the Kyrenia ship suggest that there is minimal labor spent 
shaping them.42  The bottom surfaces of the Kyrenia ship’s frames roughly conform to 
the internal hull curvature; any resulting gaps are filled with shims.  In the Ma’agan 
Mikhael ship, the bottoms of the frames closely mirror the inner surface of the hull, but 
any remaining gaps are not filled in.  The shipwrights of each vessel seemingly placed a 
value in the shaping of the frames, but were not overly concerned with their perfect 
alignment.  Given the high cost of time it would take to find and obtain the proper 
compass timbers, shipwrights were reducing the amount of work spent on shaping the 
frames by prioritizing the fitting and shaping of the surface facing the hull.  In laced 
construction, the shipwrights did not have the luxury of ignoring these faces but the 
introduction of pegged mortise-and-tenon joinery nullified the need for this additional 
labor.  Archaeological evidence from the Kyrenia wreck excavation additionally supports 
the role of framing as secondary reinforcement in pegged mortise-and-tenon ships.  
Frame 40, a floor timber, was sawn off to make room for the sump.43  The removal of a 
                                                          
41 Several wrecks that did not use edge-fasteners in securing the planking have been discovered in the 
Tantura Lagoon, Israel, the earliest of which is the Dor 2001/1 wreck, dated to the 6th century CE. 
42 Steffy 1994, 49. 
43 Steffy 1985, 96. 
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timber with no attempt to reinforce the vulnerable section suggests that any given 
framing timber can be removed without threatening the overall structural integrity of 
the hull.  This was possible because of the denser spacing of the frames on the Kyrenia 
ship as compared to Greek laced ships.  As the vessels were built using shell-based 
principles, the shipwrights expected the planking and edge joinery to maintain the 
vessel’s structure, while the framing acted as a supplementary support system – a 
conceptual holdover from the role of framing in Greek laced hulls. 
A total of 41 frame stations were found in the hull, which covered an area 
measuring 72 m2.44  Because the frames were made of tree trunks and large branches, 
they were neither perfectly straight nor perfectly squared.45  Similar to those observed 
in the Ma’agan Mikhael vessel, some of the frames still had bark on them.  The Kyrenia 
ship’s frames were shaped to fit onto the planking and not the other way around, 
reinforcing the fact that it was a shell-built vessel. The placement of some tenons under 
the frames in the Kyrenia ship suggests that permanent frames could not have been 
installed before the 6th strake.46  Whereas the frames in the Ma’agan Mikhael ship were 
incorporated after the completion of the hull, the frames of the Kyrenia ship were likely 
installed after the 9th strake was added.47 
                                                          
44 Steffy 1985, 72. 
45 Steffy 1985, 85-6. 
46 Steffy 1994, 48. 
47 Kahanov 2003, 111; Steffy 1994, 43. 
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There were three different principal framing elements found on the Kyrenia ship 
– floor timbers, half-frames, and futtocks.  There was a fourth framing component called 
top timbers, which extended from the upper wale to a unknown height.48  It is difficult 
to make any definitive statements about the top timbers as they are so poorly preserved 
on the wreck.  The pattern for these different elements was as follows: the floor timber 
was centered across the keel with both ends, or wrongheads, approximately reaching 
the turn of the bilge.  A pair of futtocks was placed in-line, but not fastened to the 
wrongheads of the floor timbers.  Adjacent to the floor timber, spaced approximately 
0.16 m farther along the keel, a pair of half-frames was installed near but not directly 
touching the keel.  Finally, another pair of futtocks was placed at the outer ends of the 
half-frames in the same manner as on the floor timbers.  The pattern then repeats, hence 
the designation of ‘floor timbers alternating with paired half-frames,’ as seen in figure 
1.49 
The center-to-center distance between each floor timber and half-frame was 0.25 
m over the keel.50  Subsequently, the center-to-center distance between each floor 
timber was approximately 0.50 m.  The frames were attached to the hull with copper 
nails driven through treenails from the exterior, which were then double clenched into 
                                                          
48 Steffy 1985, 84. 
49 This image and all of the subsequent images of ship framing patterns are generalizations as there is 
variation between all shipwrecks. 
50 Steffy 1994, 51. 
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Figure 1. Traditional arrangement of floor timbers  
alternating with paired half-frames. 
 
 
21 
 
the frame itself.  The general rule was two nails per frame for each plank that was less 
than 0.20 m in width, and three nails per frame when the plank was wider.  It is estimated 
that of the more than 3,000 copper nails used in the ship’s construction, 75% attached 
the framing to the planking.51 
There were a total of 19 floor timbers, with evidence of an additional four.  The floor 
timbers were square in cross-section and averaged 0.09 m per side.  The moulded 
dimension was greater over the keel and narrowed at the outboard end.  Due to timber 
size and the limitations of the wine-glass shaped hull, none of the floor timbers were 
connected to, or even touched, the keel at the intersection of keel and frame.  There was 
always a small space left between them, into which chocks were inserted and fastened 
with an unpegged mortise-and tenon joint onto the bottom of the floor timber.  These 
most likely were added to provide internal support for the garboards and into which a 
copper nail could be driven, thus reinforcing them.  This is crucial since the garboards are 
the weakest link between the keel and the hull in wine-glass shaped hulls. 
The paired half-frames were fairly irregularly shaped, although generally they had a 
square cross-section, averaging 0.085 m per side.  The heels, or the ends closest to the 
keel, of the half-frames rested on one of the first three strakes.  Although their overall 
length varied, the half-frames invariably extended farther up along the hull than the floor 
timbers.  There was little regularity in the spacing between the floor timbers or half-
frames and their corresponding futtocks.  The half-frames and the futtocks were 
                                                          
51 Steffy 1994, 49. 
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fastened to the hull in the same manner as the floor timbers, using double-clenched 
copper nails.  The futtocks were described as shorter, flatter versions of the half-
frames.52  It is likely that many of the futtocks, particularly those paired with half-frames, 
extended to the sheer strake.53  Possibly, the positioning of the futtocks and the top 
timbers had more to do with the structure of the fore and aft decks and the upper hull 
structure, but this was impossible to determine without more of the upper hull 
preserved. 
What is significant about the framing of the Kyrenia ship?  The construction and 
design in the framing is revolutionized in comparison to that seen in the Ma’agan Mikhael 
ship.  The floor timbers and futtocks are separated, in sharp contrast to the tradition of 
connected frames and futtocks, as seen in the Ma’agan Mikhael ship’s made-frames.  
Paired half frames are introduced, placed in between floor timbers, which reinforce the 
turn of the bilge while limiting the need for larger and thus more expensive compass 
timbers.  Paired half-frames present an economical solution – they contribute to the 
overall rigidity of the hull by keeping the distance between frame stations low with 
timber that is more easily found than those needed for floor timbers.   
The floor timbers have an average center-to-center distance that is 0.25 m closer 
than the made-frame spacing in the Ma’agan Mikhael ship, adding significantly to the 
ship’s rigidity.  Whereas the frames of the Ma’agan Mikhael ship represent a transitional 
                                                          
52 Steffy 1994, 50. 
53 Steffy 1985, 94. 
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period in which shipwrights are still using aspects of the laced tradition, the system in 
the Kyrenia vessel is indicative of a completely new design and system.  The Kyrenia ship 
marks a paradigm shift in Greek shipbuilding tradition in the Mediterranean to one that 
is dominated by the exclusive use of pegged mortise-and-tenon joinery and the use of 
floor timbers alternating with paired half-frames.  Although there is no archaeological 
evidence for the emergence of this framing system prior to the Kyrenia ship, the highly 
developed nature of this system suggests it was an established tradition well before the 
Kyrenia ship was built.  This new and unique framing system of floor timbers alternating 
with paired half-frames is consistently associated with pegged mortise-and tenon joinery 
through the 1400-year intermediate period before the introduction of frame-based 
construction.54  The Kyrenia ship marks the beginning of an era in Mediterranean 
shipbuilding dominated by the use of pegged mortise-and-tenon joinery, combined with 
floor timbers alternating with paired half-frames, and denotes an enduring technological 
stasis that exists through at least the 5th century C.E., and continues is use for several 
centuries thereafter with one small change; the use of unpegged mortise-and-tenon 
joinery. 
  
                                                          
54 Beginning in the 8th century CE, several wrecks from Yenikapı excavations have floor timbers 
alternating with paired half-frames but use coaks instead of mortise-and-tenon as edge joinery. 
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CHAPTER IV 
3rd CENTURY B.C.E. 
 
Examples of ship framing in the 3rd century B.C.E. are relatively sparse, with very few 
wrecks preserved well enough to permit a detailed study of their framing.  While the 
evidence from this century is fairly limited, there is one outstanding feature: the system 
of floor timbers alternating with paired half-frames, which appeared in the 
archaeological record less than a century earlier, is now widely spread and fairly uniform 
across the Mediterranean.  Three wrecks in particular illustrate this fact – two of the 
wrecks come from the central Mediterranean, one off the coast of Sicily, the other near 
the Lipari Islands.  The third wreck, discovered off the coast France, comes from the 
western Mediterranean.  These vessels illustrate how ubiquitous this new framing 
system became in a relatively quick period of time.   
Roughly half a century after the Kyrenia ship sank, another ship met its perilous fate 
near modern-day Marsala, Sicily.55  The excavators initially believed this wreck to be a 
warship, however, more recent analysis showed that it was more likely to have been a 
merchant ship due to the reinterpretation of the purported ‘ram’ as a cut water.56  Like 
the Kyrenia ship, it was built shell-first with pegged mortise-and-tenon joinery and floor 
timbers alternating with paired half-frames.  The excavators believed the floor timbers 
                                                          
55 Frost 1981, 273-75. 
56 Averdung and Pedersen 2012, 127-28.  
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were added after the planking had reached the waterline – at the 11th strake.57  The floor 
timbers were still not fastened to the keel and, in most cases, contrary to those of the 
Kyrenia ship, there were no chocks used to fill the gaps between the keel and floor 
timbers.  This was because the floor timbers of the Marsala ship were shaped with a 
chock-like section in one piece, thus negating the need for a separate piece.  Scored 
marks along the frames were preserved across the hull, indicating the floor timbers were 
being inserted into predetermined positions.58  According to the excavators, the 
positions of some of the floor timbers were determined as soon as the keel was laid 
down.59  The frames were attached to the hull with the use of iron nails, deviating from 
the copper nails observed in the Kyrenia ship and after earlier shipwrecks except for Jules 
Verne 7.60  Only a single tenon and nail were used to attach the frame to each strake, 
driven in from the outside and clenched back into the frame.  On both the Kyrenia and 
Marsala ships, the floor timbers are not attached to the keel and the paired half-frames 
start off of the keel on either of the garboards.  The center-to-center spacing between 
the framing elements has not been published, but based on the scaled drawing provided, 
the distance ranges from 0.20 to 0.25 m, which is comparable to that of the Kyrenia ship. 
The two other ships dating to this century, the Capistello wreck and the Tour Fondu 
wreck, display the same framing pattern – alternating floor timbers with paired half 
                                                          
57 Frost 1981, 252. 
58 Frost 1981, 195-97, 249. 
59 Frost 1981, 197, 222-4. 
60 Frost 1981, 249. 
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frames – but even fewer published details and measurements are available for these two 
wrecks.  These three ships vary in size and presumably in function and origin, yet the 
framing and plank joinery are similar.  Despite the limited number of wrecks from the 3rd 
century B.C.E., it is evident that little has changed in ship framing since the Kyrenia ship.  
Ships across the Mediterranean continue to be built using pegged mortise-and-tenon 
edge joinery between the hull planking, and shipbuilders are almost universally 
implementing this standardized pattern of floor timbers alternating with paired half-
frames.  Used first in the eastern Mediterranean, this framing pattern spread to the 
central and western Mediterranean in less than a century.  Comparably, it took over 700 
years for the laced tradition of boat building to be replaced by one using pegged mortise-
and-tenon edge joinery.  With this rapid adaptation of a new style of framing, one 
observes an unprecedented malleability in a profession usually marked by its 
conservative adherence to traditional methods of construction.  The dominance of this 
framing system suggests this style was well adapted to the needs of seafarers during that 
time.  The overwhelming economic and functional advantages of both tightly fit pegged 
mortise-and-tenon joinery combined with the framing system of floor timbers 
alternating with paired half-frames creates a technological stasis until at least the 5th 
century C.E.   
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CHAPTER V 
2nd CENTURY B.C.E. 
 
 The number of shipwrecks with hull remains, particularly with surviving frame 
timbers, increases significantly in the 2nd century B.C.E., although not all are well-
preserved.  The plethora of recorded wrecks from this period provides amount large of 
comparanda of raw data for the elements of ship framing, revealing greater range and 
diversity in individual measurements, but ultimately indicating no major changes or 
developments in the basic pattern or framing components.  In total, seven reviewed 
wrecks are firmly dated to the 2nd century B.C.E.61  With the exception of the 2nd-century 
Chrétienne C wreck, all ships exhibit floor timbers alternating with paired half-frames.62  
Shipwrights continue to use compass timbers to maximize the frame strength, and the 
better-preserved frames of these shipwrecks appear to be fairly well-shaped – indicative 
of the high quality of craftsmanship, as well as the attention paid to the frames during 
the building process.  However, frames continue to be disconnected from the keel, with 
only the 2nd-century Pozzino wreck utilizing any fastening between the two – in the form 
of a copper nail.63  This shows that the majority of shipwrights have yet to fully integrate 
                                                          
61 The Chrétienne C (Joncheray 1975a, 49-60; 71; 77), Miladou (Dumontier and Joncheray 1991, 134-6; 
173-4), Carry-le-Roulet (Long 1988, 26-27), Jeune-Garde B (Carrazé 1977, 301-2), La Rouche Fouras 
(Joncheray 1976, 110; 112-4; fig. 3. Joncheray and Rochier 1976, 171-3; 180), Pozzino (Riccardi 1996, 397; 
394-5, fig. 19), and Punta Scaletta (Lamboglia 1964, 240; fig. 1; fig. 2; 3; 248) shipwrecks are the ones 
used. 
62 Joncheray 1975a, 49. 
63 Riccardi 1996, 394. 
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the framing components into the backbone of the ship at this time.  The Cavalière wreck, 
one of the better-preserved shipwrecks, is representative of the enduring framing 
tradition from the previous century. 
The Cavalière wreck was discovered east of Lavandou, France in 1972 and dated 
to the end of the 2nd century or the beginning of the 1st century B.C.E. based on its 
associated pottery.64  The wreck was excavated from 1974 through 1977 under the 
direction of G. Charlin, J.M. Gassend, and R. Lequément.  The ship’s estimated 
dimensions were 12.98 m in length and 4.6 m in breadth, with an estimated tonnage of 
21.17.65  The ship was built using pegged mortise-and-tenon edge joinery and had a slight 
wine-glass shaped hull with a slack turn of the bilge.   
On the wreck, a total of 45 frames were preserved forming a typical pattern of 
floor timbers alternating with paired half-frames.66  As with previous wrecks, the floor 
timbers extended up to the turn of the bilge on either side of the keel, and despite the 
gentle curvature of the hull, they did not make contact with the top surface of the keel.  
In contrast with the Kyrenia wreck, chocks were not used to fill this gap, probably 
because it was significantly smaller.  The rest of the framing pattern was consistent with 
that of the Kyrenia ship and the wrecks from the previous century. There was no 
fastening between the floor timbers and the keel; each of the paired half-frames began 
on either the garboard, second, or third strake and extended beyond the turn of the bilge 
                                                          
64 Charlin et al. 1979, 10, 26. 
65 Charlin et al. 1979, 79-89. 
66 Charlin et al. 1979, 72. 
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and up the side of the hull to an undetermined point due to lack of preservation.  The 
surviving futtocks varied in their placement – in some cases, the futtocks overlapped with 
their partnered framing timbers, while others were arranged in line.  The sided 
dimension of the frames ranged from 0.08 to 0.10 m, the moulded dimension varied from 
0.20 m over the keel to 0.10 m at the extremities, and the center-to-center spacing of 
the frames ranged from 0.23 to 0.28 m.  Generally, the frames were fastened to the hull 
with paired treenails.  In addition to this, either copper or copper alloy nails were 
hammered through the garboard strake and into the floor timbers.  These served to 
reinforce the garboard strakes, which were fairly vulnerable in wine-glass shaped hulls. 
Aside from the variation in the use of futtocks, there are no significant differences 
between the framing of the Cavalière and Kyrenia wrecks.  The futtocks of the Cavalière 
wreck were not fastened to their partnered frames, and therefore did not add 
significantly to the hull’s strength, indicating that the frame components were regarded 
as individual pieces as opposed to being members of an integrated system.  The 
positioning of the futtocks may have been impacted by placement of the upper 
structures and decks or the shipwrights may simply have thought it unnecessary to 
standardize their arrangement.   
The Cavalière ship’s excavators point out a unique feature in the paired half-
frames that is not seen in the previous centuries: “Il arrive cependant que les demi-
couples ne soient pas parfaitement symétriques et que leur affrontement se situe au-
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delà de l'axe de la quille.”67  It is not specified which half-frame(s) cross over the central 
axis of the keel, and this feature is not indicated on the site plan of the wreck, making it 
difficult to interpret.  Based on the photograph provided, it is evident that the 
asymmetrical half-frame in question comes from one of the ship’s extremities, judging 
from the angle of the hull.68  While asymmetrical frames become increasingly common 
in later centuries, the irregular frames seen in this wreck are a consequence of the steep 
hull angles seen at the hull extremities, and are not an indicator of a change or 
development in the framing design.   
 The 2nd-century Chrétienne C wreck is the only ship from this century to use a 
framing pattern that deviates from the typical pattern of floor timbers alternating with 
paired half-frames.  Although discovered in 1953, this shipwreck was not excavated until 
the early 1970s (1971-1973).69  The reconstructed length of the ship is 15 to 16 m with a 
breadth around 5 to 6 m, although only a section 11 m by 3.81 m survived.70  The vessel 
had been carrying a cargo of wine in approximately 500 amphorae, giving a total capacity 
of 13 to 15 tons.71  The ship was built using pegged mortise-and-tenon edge joinery, with 
a slight wine-glass shape and a gently rounded turn of the bilge.  The 23 frames preserved 
on the hull exhibited an aberrant framing pattern – successive floor timbers extended by 
                                                          
67 Charlin et al. 1979, 72. 
68 Charlin et al. 1979, fig. 50. 
69 Joncheray 1975a, 7-8. 
70 Joncheray 1975a, 69-77. 
71 Joncheray 1975a, 77. 
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overlapping futtocks and an absence of paired half-frames.72  This phenomenon of 
successive floor timbers is illustrated in figure 2.  The floor timbers extended just before 
the turn of the bilge and would have made contact with the top surface of the keel had 
they not been notched underneath to allow the passage of bilge water.  The futtocks 
overlapped the floor timbers but were offset by roughly 0.02 m.73   
There was also periodic evidence for “courtes membrures,” or short frames.74  
Two short frames, evidenced by discoloration on the hull planking, were located in 
between floor timbers M8 and M9, and between M10 and M11.  The sided dimension of 
the frames averaged 0.08 m and the best preserved floor timber had a moulded 
dimension that ranged from 0.15 m over the keel to 0.076 m at the preserved extremity.  
The 0.46 m center-to-center spacing of the floor timbers was notably higher than that 
seen in the Kyrenia ship, which was only 0.25 m.  The floor timbers and futtocks were 
fastened to the hull with treenails but it was not indicated how the short frames were 
fastened.  
The exclusion of half-frames is a strange feature that, coupled with the wider 
center-to-center spacing, would weaken the hull structure of this vessel compared to 
one fitted with a system of floor timbers alternating with paired half-frames.  This 
apparent weakness is difficult to interpret; it is possible that the addition of the two short 
  
                                                          
72 Joncheray 1975a, 49-62. 
73 Joncheray 1975a, 49. 
74 Joncheray 1975a, 49. 
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Figure 2. Successive floor timbers without paired half-frames. 
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frames was an attempt to ameliorate the weakened rigidity of the hull.  The odd framing 
of the Chrétienne C ship makes it one of the more fascinating wrecks from the 2nd century 
B.C.E., although ultimately it appears to be an exception, rather than the rule.  The 
unusual pattern of the Chrétienne C ship emphasizes that the function of framing is still 
considered to be a subordinate priority to that of assembling the hull planking with 
pegged mortise-and-tenon edge joinery. 
Overall, the 2nd century B.C.E. is consistent with the previous century: floor timber 
alternating with paired half-frames continues to be the dominant framing pattern, and 
futtocks remain a lesser source of additional hull strength.  The continuity of this framing 
pattern speaks not only to the conservative nature of shipbuilders but also to the well-
developed and accepted nature of this framing pattern.  With this framing system being 
so recently introduced, one would expect to see more varied applications of its use, 
rather than the overwhelmingly standardized pattern seen in the archaeological record.  
The deviation of the Chrétienne C ship from the typical framing pattern is likely due to 
the increased diversity of available shipwrecks in the 2nd century B.C.E. and, by itself, 
does not provide sufficient evidence for a new tradition or variation.  Instead, it 
exemplifies the incomplete nature of the archaeological record and our correspondingly 
limited understanding of ship construction.   
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CHAPTER VI 
1st CENTURY B.C.E. 
 
 The 1st century B.C.E. is marked by an increased sophistication in the typical 
pattern of floor timbers alternating with paired half-frame system.  The number of 
available wrecks continues to increase, with the lengths of ships varying from 18 to 40 
m.  Eleven of the reviewed shipwrecks for this study are dated to the first century B.C.E.75  
Nearly all of the ships adhere to this dominant framing pattern, although there are 
variations with the use of successive floor timbers and nails, rather than treenails, for the 
fastening of frames to the hull.76  What is most noteworthy about the 1st century B.C.E. 
is how even large ships can utilize the same, simple pattern of floor timbers alternating 
with paired half-frames. 
A study of ship framing from the 1st century B.C.E. would be remiss without a 
close examination of one of the most impressive and important shipwrecks from this 
period, the Madrague de Giens wreck.  The decade-long excavation of this shipwreck was 
                                                          
75 The Cavalière (Charlin et al. 1978, 50; 72; 79-80; fig. 33; fig. 34), Albenga (Pallarés 1985, 634. Lamboglia 
1953, 203; 206), Cap Benat B (Joncheray 1997, 107; 119), Chrétienne A (Dumas 1964, 157-7; 165; fig. 
15a-b), Gernona (Foerster 1980, fig. 1; 245; 252), Grand Congloue B (Benoit 1961, fig. 75; 149-51; 164), 
Madraque de Giens (Pomey 1978a, 80-3. Pomey 1982, 133; 140. Pomey 2004a, 371-3), Palamos (Laures 
1983, 220; 223-4. Laures et al. 1987, 21; 33-35), Dramont A (Santamaria 1973, 133-4; Santamaria 1975, 
188, 192-4, fig. 8), and the Planier 3 (Liou 1973, 588-9. Tchernia 1971, 71; 74) shipwrecks are the ones 
used. The Dramont C shipwreck  is dated to the end of the 2nd century B.C.E. and the start of the 1st 
century B.C.E. (Joncheray 1994, 23-7, 49-51). 
76 The most notable system of fastening comes from the Gerona shipwreck, which was discovered near 
Cap del Vol, Spain.  Floor timbers and paired half-frames are fastened in alternating methods: the first is 
the use iron nails driven in from the exterior of the hull, while the intervening frames are attached with 
treenails arranged in pairs with a groove cut in between the treenail holes. It would seem likely that rope 
would have been used in the groove. (Foerster 1980, 252. 
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led by André Tchernia and Patrice Pomey with a team from the Centre National de la 
Recherche Scientifique (CNRS), who dated the wreck to the second quarter of the first 
century B.C.E.77  The wreckage, found on the southern coast of France at a depth of 20 
m, included 6,000 to 6,500 amphorae, although the vessel’s maximum capacity would 
have been approximately 8,000 – corresponding to 400 tons of cargo, and indicating a 
very large ship.78  This led the excavators to conclude that the Madrague de Giens ship 
was a myriophoros, one of the largest categories of cargo carriers from antiquity.79  The 
wine-glass shaped hull was estimated to have been 40 m in length and 9 m in beam and, 
as Steffy points out, was three times the length of the Kyrenia ship with 20 times the 
cargo capacity.80  Even though this ship was significantly larger than any of the other 
previously examined shipwrecks, it was built in accordance with the same shell-based 
principles and pegged mortise-and-tenon edge joinery of the planking.  To allow for the 
vessel’s large size there were several added structural features, including a double 
rabbeted keel with a double-planked hull, and ceiling stringers to provide additional 
backing strength.81  The shipwrights obviously recognized the need for additional 
reinforcement, but there were no major developments in the framing of the ship. 
                                                          
77 Tchernia 1978, 75-99; Pomey 1982, 136-46. 
78 Pomey 2004a, 371. 
79 Pomey 1978b, 107. 
80 Steffy 1994, 62. 
81 Steffy 1994, 65. 
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The excavation of the Madrague de Giens vessel revealed the typical pattern of 
floor timbers alternating with paired half-frames.82  The length of the floor timbers 
ranged between 4.6 to 5.1 m and spanned the bottom of the hull but did not continue 
into the turn of the bilge on either side.  The paired half-frames began on the garboard 
or second strake, about 0.07 to 0.10 m above the top of the keel, and extended 3 to 4 m 
along the sides of the hull until the level of the futtocks.  In contrast, the floor timbers 
extended only 2 to 2.5 m between the keel and futtocks.  This created an alternating 
pattern between the joints of the futtocks with the half-frames and the floor timbers.   
The average center-to-center spacing of the frames ranged from 0.23 to 0.25 m.83  
The floor timbers varied from 0.09 to 0.19 m in their sided dimension with an average of 
0.13 to 0.14 m.84  The moulded dimension of the floor timbers ranged from 0.57 to 0.60 
m over the keel and tapered down to an average of 0.12 to 0.15 m approximately one 
meter from the keel.85  The half-frames exhibited similar dimensions over the keel, but 
thinned to .06 to .10 m at their extremities.  The floor timbers and futtocks were in-line 
but not butt-scarfed to each other; a few centimeters of space was left between them.  
The frames were fastened to the inner planking with treenails driven in from the exterior, 
averaging two treenails per strake per frame.86  The outer layer of planking was fastened 
                                                          
82 Pomey 1978a, 80-1; Pomey 1982, 140; Pomey 2004a, 372. 
83 Pomey 1978a, 80. 
84 Pomey 1978a, 80-1. 
85 Pomey 1978a, 81. 
86 Pomey 1978a, 81. 
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to the inner planking and the frames with short iron nails.  This weaker fastening method 
was likely used to avoid wasting time and resources on the sacrificial outer planking layer. 
One novel feature found on the Madrague de Giens ship was the bolting of some 
floor timbers to the keel.  Before this excavation, no archaeological evidence existed for 
the purposeful fastening of floor timbers to the keel to increase the strength of the hull.87  
All of the floor timbers from the Madrague de Giens sat approximately 0.08 to 0.10 m 
above the keel, with no apparent attempt to reduce for this extra space.  Despite this 
gap, floor timbers 90, 94, 98, 104, 110, and 114 were fastened to the keel with long bolts 
that had a diameter of approximately 0.03 m.  The bolts were driven from the bottom of 
the keel into the hull and with the end peened over a square nut, which averaged 0.05 
to 0.06 m per side.  Pomey logically argues that the floor timbers were bolted to the keel 
to reinforce the hull, and that their presence was not an indicator of active framing.88  
The bolted frames did not make contact with the top of the keel, nor was any other 
evidence found to suggest that these frames played a role in the shaping of the hull.89  
The extensive study of the hull has not revealed any other potential indicators for active 
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framing or evidence of the pre-erection of frames prior to raising the hull planking.  Most 
likely, these bolted floor timbers are an attempt by the builders to strengthen the 
backbone of this large cargo ship.  
The Madrague de Giens ship, despite its impressive size and cargo capacity, shows 
very little innovation in terms of construction or framing.  It relies upon mortise-and-
tenon joined planking for its primary strength, as evidenced by the meager 0.02 m 
increase in frame size from those of the Kyrenia ship, whose cargo capacity was less than 
30 tons.  According to Pomey, the Madrague de Giens ship’s framing pattern, futtock 
placement, and use of independent floor timbers classify it as a typical member of the 
Hellenistic method of construction.90 While the Madrague de Giens ship has six floor 
timbers bolted to the keel, they are still considered independent floor timbers because 
they do not rest on the keel and therefore do not impart any additional strength to the 
hull.  The shipwrights were more focused on reinforcing the overall hull strength by 
better integrating the keel to the planking and doubling the hull planking, rather than 
modifying the framing. 
The early 1st century B.C.E. wreck found near the town of Agay, France displayed 
a unique variation in its framing arrangement.  Known as the Chrétienne A wreck, this 
pegged mortise-and-tenon built ship was estimated to have been 24 to 32 m in length 
and generally exhibited floor timbers alternating with paired half-frames.91  There were 
                                                          
90 Pomey 2004a, 372-73. 
91 Dumas 1964, figs. 15a-15b. 
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a total of 16 preserved frames and a large mast-step; the frames were arranged in pairs 
but displayed irregular and inconsistent spacing and placement.92  There were successive 
floor timbers without paired half-frames placed in between them, but this aberration 
occurred in only two instances: three frames at the northern end of the wreck and three 
frames at the southern end of the mast-step.  Similarly, the Dramont A wreck, also dating 
to the 1st century B.C.E., displayed four successive floor timbers in the central portion of 
the ship, where the mast-step would have been located.93  The use of successive floor 
timbers becomes more common throughout time and was meant to reinforce the mast-
step.  However, this is not a significant deviation in the framing pattern since it was used 
by shipwrights to reinforce the area of the hull subjected to high stress from the pressure 
exerted by the mast and sail.  The purpose of the successive floor timbers at the northern 
extremity of the Chrétienne A wreck could not be properly assessed due to their poor 
preservation and the lack of surrounding hull features.   
 The traditional pattern of floor timbers alternating with paired half-frames 
remains unchanged in the 1st century B.C.E., however there is the first archaeological 
example of the use of bolts to fasten certain floor timbers to the keel.  Since an equivalent 
style of bolting is found on the 11th-century Serçe Limanı ship, it is often associated with 
the development of frame-based construction.  However, the Madrague de Giens wreck 
predates even the earliest possible candidates for frame-based vessels by 500 to 600 
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years, and is nearly 1100 years younger than the Serçe Limanı ship.  This feature of 
bolting certain frames to the keel developed independently of frame-based construction; 
it functioned as a supplemental reinforcement to the hull, rather than a precursor to 
active framing.  Even in later centuries, this type of bolting is most commonly associated 
with keel scarfs, supporting the idea that shipwrights did not consider this to be a viable 
method for assembling frames, but instead as a way to reinforce critical junctures in a 
ship’s backbone.  It is noteworthy that the people who built the Madrague de Giens 
vessel offset the joints between the futtocks and the floor timbers with those of the 
futtocks and the half-frames.  This illustrates the conceptual purpose of this framing 
pattern – the combination of floor timbers alternating with paired half-frames does not 
allow for the creation of long stretches of hull that are not fortified.  Though it would not 
have added significantly more strength, this practice avoids creating a weak line along 
the ship and continues to be found on other wrecks for some time.   
 Despite the introduction of a few new features in the 1st century B.C.E., the 
overall pattern of floor timbers alternating with paired half-frames does not undergo any 
significant changes.  Futtocks remain disconnected from their partnered framing timbers 
and are placed in a seemingly random manner – suggesting that they continue to play no 
significant role in the reinforcement of the hull.  Ultimately, the 1st century B.C.E. offers 
no new or valuable indicators of conceptual changes in framing, and retains its status as 
a secondary method of hull reinforcement.  
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CHAPTER VII 
1st CENTURY C.E. 
 
The turn of the millennium brought with it an increasing number of wrecks with 
surviving hull components.  Wrecks from this century exhibit a remarkable diversity in 
regards to their size – the largest being the Emperor Gaius’ (Caligula) Lake Nemi barges 
at 71 and 73 m in Italy, while the smallest is the Barthelemy B wreck at 8 to 10 m in 
France.94  There are sixteen shipwrecks in total studied from this century.95  The 
development in the framing of these ships remain unchanged; the arrangement of floor 
timbers alternating with paired half-frames is still the dominant form alongside shell-
based principles using edge fastened hull planking with pegged mortise-and-tenon 
joinery.  The wreck found near the island of Antirhodos, Egypt best typifies this enduring 
standardization of framing.96  However, this century does mark the beginning of frames 
becoming cruder in shape, as best demonstrated by the Kinneret wreck in Israel, 
                                                          
94 Ucelli 1940, 373-4; Joncheray and Joncheray 2004, 71. 
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96 Sandrin et al. 2013, 51-2. 
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although this does not become a wide spread phenomenon until the 2nd century C.E. 97  
The cause for the beginning of this trend is unclear.  
There continues to be a positive correlation between a size of the ship and the 
size of its frames, although appears to be only a general rule.  Upon examination of the 
three largest ships in this century – the Nemi barges, the Caesarea ship, and the 
Antirhodos wreck – the correlation between ship size and frame size breaks down.98  The 
Nemi barges are nearly twice the size of the Antirhodos and Caesarea wrecks, yet the 
timber sizes are only marginally larger.  On the Caesarea wreck, the floor timbers are 
surpassed in size by the half-frames.  The Lake Nemi Barges demonstrate how the 
relatively simple pattern of floor timbers alternating with paired half-frames can be 
applied to large vessels with only minor alterations.  The dolia wrecks represent perhaps 
one of the most interesting phenomena relating to framing.  This relatively short-lived 
class of ships expands upon the limited use of successive floor timbers seen in the prior 
century.  Overall, little more than superficial changes are made to the dominant framing 
arrangement in order to accommodate the diversity of ship sizes and functions. 
Built in the 1st century C.E., the wreck discovered off the island of Antirhodos in 
the Portus Magnus near Alexandria was studied from 1998 to 1999.  The ship was found 
in the inner harbor along a jetty and without cargo.  The date of the vessel’s construction 
was based on the shape of the hull and other features, such as the use of bolted floor-
                                                          
97 Steffy 1987, 327.  The Kinneret boat is a special case as it was likely constructed in a region where it 
was very difficult to get timbers of sufficient quality for ship construction.  
98 Ucelli 1950, 373-5; Fitzgerald and Raban 1989, 184-90; Fitzgerald 1995, 233; Sandrin et al. 2013, 57. 
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timbers.99  Although the vessel was only examined in situ, the researchers observed that 
the ship was built using pegged mortise-and-tenon joinery, and had a fairly flat floor.100  
The surviving portion of the vessel was 24.6 m in length on which a total of 58 frame 
stations were preserved, revealing the standard pattern of floor timbers alternating with 
paired half-frames.101  Following convention, the floor timbers extended from one turn 
of the bilge to another.  Instead of chocks, shims were used to bridge the gap between 
the floor timbers and the keel when necessary.   
The majority of the paired half-frames were symmetrically placed, with each 
timber starting on the garboard strake and extending along the hull beyond the turn of 
the bilge.  However, a few of the half-frames pairs were asymmetrically placed, with one 
of the timbers crossing the central axis of the ship and the other starting much further 
along the hull as seen in figure 3.  Futtocks were placed in-line with their partnered 
framing timber, but were separated by a distance ranging from 0.05 to 0.18 m.  The 
average center-to-center spacing between the floor timbers was 0.60 m; the timbers had 
an average sided dimension of 0.24 m and an average moulded dimension of 0.37 m.  
Smaller than the floor timbers, the half-frames featured average dimensions of 0.21 m 
(sided) and of 0.28 m (moulded).  This gave the ship an overall average center-to-center 
distance of 0.30 m between framing elements.  The frames were fastened to the hull 
using one or more of three methods.  Firstly, the frames were fastened to the planking
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Figure 3. Floor timbers alternating with paired, asymmetrical half-frames. 
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with treenails that were staggered to prevent the planks from splitting.  Secondly, bolts 
were used to fasten floor timbers and half-frames to planking, side-keelsons, and 
stringers.  Thirdly, some of the floor timbers were bound to the keel and central keelson 
with additional copper alloy bolts. 
The framing seen in the Antirhodos wreck is similar to that of previous centuries, 
with some notable changes.  The floor timbers are essentially unchanged in terms of how 
they are shaped and positioned, though many more are being bolted to the keel.  
Likewise, the majority of the paired half-frames follow the standardized pattern, 
although the application of asymmetrical half-frames is important because this feature 
becomes increasingly visible in the archaeological record.  However, only a few of the 
ship’s half-frames are asymmetrically placed, and these are only slightly offset from the 
central axis and not fastened to each other or the keel.  Since this limited application 
would not have provided any significant reinforcement, it was likely a consequence of 
finite resources rather than an attempt to add rigidity to the hull.  While the lower 
portion of the framing system has become more integrated into the hull, the futtocks 
remain separated and less incorporated. 
Two unique shipwrecks to have survived from the turn of the millennium were 
the Lake Nemi vessels.  These two large ships, 73 and 71 m in length, were built for 
Caligula in the 1st century C.E. to serve as places of worship on Lake Nemi.102  During the 
late 1920s and early 1930s, the lake was drained and the ships were excavated by Guido 
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Ucelli.103  While the upper portion of either hull did not survive, the lower portions were 
fairly well-preserved.  In one of the more tragic events in the history of nautical 
archaeology, both ships were burned down, either accidently or purposefully by the 
Nazis in 1944 while housed in a museum.104  While these ships are now lost to history, 
knowledge about their construction has survived due to their excavation and 
documentation.  Despite their immense size, there was no fundamental difference in 
their construction compared to smaller vessels, like the Barthelemy B ship.105  They were 
built shell-first with the planks edge-fastened to each other with pegged mortise-and-
tenons and exhibited floor timbers alternating with paired half-frames.   
The first ship had a total of 148 frames and the second 118 frames, with an 
average frame spacing of approximately 0.46 m and 0.59 m, respectively.  The floor 
timbers had a sided dimension of 0.20 m and a moulded dimension of 0.30 m and were 
fastened to the planking with clenched copper nails driven through treenails.  As they 
were lake barges and not designed for open water, both were flat-floored with straight, 
flat floor timbers.  For both barges, the majority of the frames were arranged as follows: 
a floor timber was butt-scarfed to a futtock on either end, which alternated with paired 
half-frames, also butt-scarfed to futtocks.  For the first time, frames were continuous – 
all of the disparate components were adjoined across the entire hull.  On the ships’ 
extremities, forward of the 140th frame and aft of the 9th, the frames consisted of 
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successive paired half-frames.  There was no fastening between the futtocks and their 
partnered framing element, limiting the amount of additional strength the butt-scarfing 
would have provided.   
Interpreting the framing of the Lake Nemi barges relative to seagoing ships 
presents a bit of a conundrum because they were not designed to deal with the stresses 
of open water.  While some argue that novel features in the Lake Nemi barges, such as 
the continuous frames, constitute a development in the framing tradition, this is unlikely.  
As Steffy notes, “…(it) is a bit like comparing improved species of apples by looking at 
oranges.”106  A potential parallel for the Lake Nemi ships comes from nearly two 
centuries later with the Conque des Salins vessel.107  This riverine vessel is lighter and 
considerably smaller in size, yet bears several similarities in its framing.  The vessels 
display wide frame spacing – 0.80 to 0.96 m for the Conque des Salins wreck and 0.53 m 
for the Lake Nemi barges.  It is difficult to discern whether the closer spacing on the Lake 
Nemi barges is a product of its non-seagoing design, its immense size, or some unknown 
reason.  All three vessels have flat floor timbers owing to the fact that they are flat-
floored craft.  Finally, all of these vessels exhibit floor timbers that have been scarfed to 
their partnering futtocks.  This scarfing was unfastened and therefore contributed very 
limited, if any, additional strength.  Although the extent of the application of these 
scarfed futtocks is less discernible on the Conque des Salins wreck, this feature was 
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observed on all of the frames of the Lake Nemi barges except at frame extremities.  This 
suggests that the shipwrights believed additional reinforcement of the frames was 
necessary for vessels of such a large size. 
Steffy argues that the framing in the Lake Nemi ships does not signify general 
shipbuilding progress of its time and this is true – floor timbers alternating with paired 
half-frames has been, and will continue to be used for centuries.108  However, the 
shipwrights clearly understood that the large vessels needed additional transverse 
support, particularly with the heavy superstructures that each ship carried.  They 
introduced a simple solution – butt-scarfs used to form continuous frames – but this 
feature had yet to be regularly applied to seagoing craft.  As Steffy notes, a ship is built 
to meet the needs of its user, and it stands to reason that seagoing vessels would have 
vastly different structural requirements from those of the Lake Nemi barges or the 
Conque des Salins riverine vessel.  Steffy therefore is correct in his argument that the 
Lake Nemi vessels do not represent a ‘major development’ in shipbuilding or framing, 
but it begs the question – why would such different types of craft all exhibit the same 
framing pattern with only minor variations?  Clearly, this framing tradition was highly 
versatile for the type of construction employed, and at the turn of the millennium had 
pervaded nearly every type of vessel being built in the Mediterranean. 
When discussing changes in the pattern of floor timbers alternating with paired 
half-frames it is necessary to discuss a noteworthy but brief phenomenon in shipbuilding 
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that takes place at this time – the dolia carriers.  Dolia are exceptionally large 
earthenware containers that the Romans are known to have produced; they are round 
vessels with wide mouths used for carrying a variety of goods including wine, oil, and dry 
goods.109  However, the nautical variants of the dolia were believed to be specifically 
used for the transport of wine.110  Of at least ten dolia wrecks known, the earliest is the 
Cap Benat wreck, dated to the 1st century B.C.E., and the latest is the Punta Ala wreck, 
dated to the 3rd century C.E.111  In regards to the construction of the dolia carriers, the 
jars would have to have been put into the ship prior to its completion with at least some 
features that deviate from the traditional mortise-and-tenon built vessels such as closer 
frame spacing.112  It has been hypothesized, based on the relatively short span of time in 
which these ships wrecked, that there must have been a serious flaw in their design.113  
Unfortunately the poor preservation of most dolia wrecks inhibits any definitive 
conclusions about their construction.  Aside from the Ladispoli wreck, the only other 
dolia carriers to be extensively studied, the Grand Ribaud D wreck (1st century B.C.E.) and 
the Giraglia wreck (1st century C.E.), include only a few poorly preserved hull 
fragments.114   
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The best preserved of the dolia wrecks was found near the town of Ladispoli, Italy 
– approximately 40 km from Rome and dated to the 1st century C.E.115  A 6.6 x 3.3 m 
section of the ship was preserved, from which the ship was estimated to have been 18 
m in total length.  The ship was built shell-first using pegged mortise-and-tenon joinery 
and had an estimated cargo capacity of 45 to 50 tons.  The hull did not have a wine-glass 
shaped section, but instead a flat bilge with a relatively straight keel.  The frames were 
spaced between 0.12 to 0.15 m apart, and rarely more than 0.20 m.  With an average 
sided dimension of 0.10 m, the average center-to-center frame spacing was 0.22 to 0.25 
m.116  The floor timbers were described by the excavator as true flat-floored timbers with 
a fairly consistent moulded dimension – approximately 0.20 m over the keel and 0.18 m 
at the preserved extremity.117  The bottoms of the frames were carefully shaped to fit 
onto the planking but did not make contact with the keel, nor were they fastened to it in 
any manner.   
The remains of futtocks were visible for some of the frames though they were in 
poor condition.  The futtocks did not make contact with the frames, although the ends 
were beveled and spaced about .02 m apart.  There was no apparent regularity as to 
where in the hull the futtocks and the frames met.  The excavator pointed out one 
peculiarity observed in the framing – instead of being centered on the keel, most of the 
floor timbers were alternatingly offset.  One floor timber was placed with a longer arm 
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on the port side and the next floor timber was placed with a longer arm on the starboard 
side; two alternating offset frames were considered partnered floor timbers.  Like the 
offset half-frames seen with the Antirhodos ship, these asymmetrical floor timbers were 
designed to more evenly distribute the loads being exerted on the hull by the cargo of 
large and very heavy dolia.  However, the evidence for these asymmetrical floor timbers 
is speculative due to the wreck’s poor preservation.  Based on the site plan, it is difficult 
to discern any set of frames as opposing partners.  Even the excavator admits that the 
data from the wreck are not substantial enough to draw any conclusions about the 
significance of this pattern to the ship’s construction.  This system of asymmetrical floor 
timbers becomes more prevalent over time, likely indicating a shortage of resources for 
shipbuilding.  
While this ship has the same basic framing elements (floor timbers, half-frames, 
and futtocks), they are not arranged in the standard pattern of a single floor timber 
alternating with a paired half-frame.  The Ladispoli wreck has 21 successive floor timbers 
in the surviving portion of the hull.  Conceptually, the use of successive floor timbers was 
meant to strengthen the midsection of the hull where the cargo was stored.  While the 
use of successive floor timbers is preceded by the Sud-Lavezzi II and Chrétienne A ships, 
among others, the Ladispoli ship marks the feature’s most extensive application.118  This 
is noteworthy because a system of successive floor timbers ultimately replaces floor 
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timbers alternating with paired half-frames, but not until almost a millennium later – in 
the aforementioned Serçe Limanı vessel, which dates to the early 11th century C.E.119   
The Serçe Limanı ship provides several other parallels for features seen in the 
Ladispoli ship. Also a flat-floored merchantman, the Serçe Limanı ship displays successive 
floor timbers in the hold area, with a similar pattern of alternatingly placed long and 
short arms of the floor timbers.  The better-preserved hull from Serçe Limanı allowed 
these floor timbers to be more extensively studied and described as ‘in-line framing.’120  
The long arm of the floor timber extended above the turn of the bilge, while the short 
arm terminated inboard of the turn of the bilge.  This arrangement would add strength 
to the ship’s most vulnerable zone while minimizing the number of large timbers 
required for framing.  Unfortunately, the limited preservation of the Ladispoli ship makes 
it impossible to discern whether or not this was related to in-line framing.   
It follows logically that the two ships, despite being separated in time by nearly a 
millennium, would exhibit such similarities in their construction.  Since they are both 
merchantmen, the shipwrights are attempting to maximize the cargo carrying capacities 
of both ships.  These comparable features are not suggestive of any shared framing 
tradition, or meant to imply that the construction of dolia carriers is frame-based.  
Pegged mortise-and-tenon joints provide the majority of the Ladispoli ship’s hull rigidity, 
but they are completely absent from the Serçe Limanı vessel.  Regardless, we see how 
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the function of a ship can greatly influence its shape and construction features, even 
after the implementation of an entirely new conceptual approach to shipbuilding.  
Ultimately, as a result of their design or operation, the dolia ships were a failure whether 
by design or impracticality of transporting wine (and other commodities) in huge 
earthernware vessels that disappeared from the archaeological record by the 3rd century 
C.E.  However, after continued experimentation to determine their effectiveness in 
reinforcing flat-floored vessels, successive floor timbers, in some form or another, 
persisted through the next millennium. 
A wreck located just south of Corsica, known as the Sud-Lavezzi II ship, dated to 
the 1st century C.E., was estimated to be 20 m in length and carried 26 tons of cargo 
consisting of metal ingots and amphorae.121  Clearly built on shell-based principles, as 
indicated by the use of closely spaced pegged mortise-and-tenon joinery, the framing 
pattern deviated from the standard arrangement of floor timbers alternating with paired 
half-frames by its use of successive floor timbers.122  Near the bow, a floor timber was 
followed by one pair half-frames, three successive floor timbers, a paired half-frame, and 
another three successive floor timbers.  Elsewhere on the ship, the framing was much 
more degraded, which made it difficult to assess the intended pattern, although there 
was indisputable evidence for the existence of three successive floor timbers.123  Enough 
of the framing elements survived for the excavators to conclude that the ship exhibited 
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a pattern of three successive floor timbers alternating with two pairs of half-frames 
throughout the central section of the hull.124 
Basing the framing pattern on what is seen at the extremities of a ship should be 
done with caution, as these are areas where the framing tends to be irregular due to the 
pronounced curvature of the bow and stern and the difficulty in fitting frames to such 
tightly curved parts of the hull.  However, if the Sud-Lavezzi II wreck did exhibit such an 
irregular framing pattern throughout the hull, it would provide a noteworthy comparison 
for the Ladispoli wreck.  Both of these vessels carried a dense cargo (metal ingots on the 
Sud-Lavezzi II ship) or an irregular cargo (dolia filled with wine), which suggests these 
hulls were built with a reinforced framing pattern.125  However, the framing pattern seen 
in the Sud-Lavezzi II ship was a single occurrence, and the dolia carriers may have had 
critical flaws in their construction; it can be concluded that neither of these irregular 
framing configurations was significant enough to bring about far-ranging changes in 
framing hulls.   
 The 1st century C.E. is marked by several examples of anomalous framing 
patterns, particularly when looking at the dolia wrecks, yet there is very little change in 
the standard arrangement of floor timbers alternating with paired half-frames.  Wrecks 
like the Antirhodos ship show that the idealized version of framing is mostly consistent 
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with the previous centuries: floor timbers extending from one turn of the bilge to the 
other, non-scarfed paired half-frames that begin near the keel, and futtocks that 
continue to be used erratically.  However, this century also introduces asymmetrical 
paired half-frames – seen in the Antirhodos, Kinneret, and Rabiou vessels – and 
asymmetrical floor timbers.126  Suddenly, after centuries of stasis in frame development, 
shipwrights from across the Mediterranean began to experiment with what had been a 
standardized pattern of floor timbers alternating with paired half-frames.  But what was 
the impetus for the changes seen during this century?  These early deviations would have 
had limited effect on increasing the hull’s rigidity and may have been caused by resource 
limitation.  However, some of these new features persisted through the next several 
centuries in a more developed form, suggesting these variations were advantageous or 
that resource allocation became increasingly less problematic.  Otherwise, the overall 
trend in ship framing in the Mediterranean during the 1st century CE appears to have 
changed very little. 
  
                                                          
126 Steffy 1987, 325; Joncheray and Joncheray 2009, 74. 
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CHAPTER VIII 
2nd CENTURY C.E. 
 
 Archaeological evidence for framing in Mediterranean ships in the 2nd century 
C.E. is significantly reduced in comparison to the previous century; however, based on 
the available wrecks, the standardized pattern of floor timbers alternating with paired 
half-frames persists.  Six shipwrecks dated to this century are studied.127  While 
asymmetrical framing appears in the 1st century C.E., the ships dated to the next century 
exhibit a more extensive application of this feature, which at first glance appears to mark 
a significant development in framing.  The use of asymmetrical frames is hypothesized 
as an attempt by shipwrights to avoid creating areas of weakness in the hull.128  
Shipwrights offset the alignment of the joins between futtocks and their partnered 
frames, which prevents weak points created by a chain of non-reinforced strakes along 
the hull.  Contrary to this prevalent theory, the indiscriminate and nonintegrated 
application of this feature instead suggests that asymmetrical framing is a consequence 
of resource limitation, rather than a systematic effort to strengthen the ship.  Overall, 
framing in the 2nd century C.E. is marked by increasing deviation from the standard 
                                                          
127 The Fiumicino 4 (Jézégou 2011, 169; 171; 175), Fiumicino 5 (Boetto 2001, 123; Boetto 2006, 123, 124; 
http://www2.rgzm.de/navis/home/..%5CShips%5CShip055%5CFiumicino5engl.htm), Grado (Beltrame 
and Gaddi 2007, 138, 142-4, 145-6), and St Gervais III (Liou et al. 1990, 219-32, 234, 259-9), shipwrecks 
are dated to the 2nd century CE.  The Torre Sgarrata (Throckmorton 1989, 263, 264, 265, 266) and Olbia-
Sardinia (Riccardi 2001, 493, 494, 495) shipwrecks are dated to the end of the 2nd century CE to the start 
of the 3rd century CE.  
128 Pomey et al. 2012, 298. 
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pattern; this is not, however, indicative of any conceptual changes to the role of framing 
in ship construction or hull rigidity. 
The Grado wreck is a clear example of the use of asymmetrical framing elements 
that do not significantly impact the hull.  The wreck was discovered off the coast of Italy, 
near the town of Grado, and had a surviving section that measured 13.1 m in length by 
6.1 m in width.129  The cargo, which totaled between 23 to 25 tons in weight, dated the 
wreck to the 2nd century C.E.130  What made the framing of this vessel particularly 
interesting was its overall irregularity.  The ship displayed floor timbers alternating with 
paired half-frames spaced 0.14 to 0.17 m apart on average.131  Some of the floor timbers 
were designed in a more traditional manner, spanning from one turn of the bilge to 
another.  Many floor timbers did not fit this pattern – these frames varied greatly in 
length and were offset from the central axis of the ship, resulting in alternating long and 
short arms of floor timbers on either side of the keel.  The arrangement of asymmetrical 
floor timbers is shown in figure 4.  However, no regular pattern exists in the alternation 
of the floor timbers, suggesting that the framing system was not designed to purposefully 
increase the rigidity of the hull.   
Many, if not all, of the paired half-frames were also offset from the central axis 
of the keel, and, like the floor timbers, displayed little consistency in the positioning of 
the joins between pairs.  The floor timbers and half-frames were extended with
                                                          
129 Beltrame and Gaddi 2007, 138. 
130 Beltrame and Gaddi 2007, 138. 
131 Beltrame and Gaddi 2007, 142. 
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Figure 4. Asymmetrical floor timbers alternating with paired half-frames. 
 
59 
 
futtocks that were not fastened to their partnered framing element, though there were 
a few rare instances of the butt-scarfing between the timbers.  The frames were fastened 
to the hull with an assortment of wooden, copper alloy, and iron nails.  Two of the floor 
timbers were fastened to the keel with large nails or spikes. 
As previously mentioned, it has been argued that the asymmetrical arrangement 
of frames within the hull was done purposefully to distribute the weak points between 
the futtocks and the partnered framing elements.132  However, taking into consideration 
the other framing features that are present, this seems unlikely.  All of the framing 
elements in the Grado wreck are from naturally curved branches, or compass timbers, 
which gives them significant inherent strength.  The usage of compass timbers, which are 
carefully chosen for their uniform and regular appearance, predates even the Kyrenia 
ship.  The Kyrenia ship’s frames are square in cross section with relatively little shaping 
required; in many instances, bark is present on the timbers.  In contrast, the Grado ship’s 
timbers are highly irregular in shape and size; their sinuousness suggests either a 
limitation of adequate wood and/or manpower, a need or desire to reduce costs, or a 
level of unprecedented carelessness when choosing compass timbers to list a few of the 
more likely possibilities.  Perhaps, the shipwrights were stockpiling a general source of 
timbers potentially suitable for framing, rather than individually selecting timbers for a 
given ship.  The frames are also disproportionately worked – some are only slightly 
shaped with adzes, some are just halved branches, and others are sawn on all four sides. 
                                                          
132 Pomey et al. 2012, 298; Pomey 1998, 68. 
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All of the frames are leveled on their tops and bottoms – the two functional faces 
– which corroborate the idea that shipwrights are limited by manpower or time or costs.  
Their irregular appearance exacerbates the asymmetrical nature of many of the framing 
elements; therefore, what appears to be a purposefully offset frame might instead be an 
accidental consequence of timber selection and shaping.  The presence of metal nails on 
the bottom of frames that have no corresponding nails on the planking hints at the fact 
that some of the framing timbers are reused, substantiating the possible existence of a 
stockpile of suitable framing timber although it could also be a evidence that the ship 
had been re-planked. The only comparable vessel from previous centuries is the Kinneret 
boat – a vessel that is considered to be representative of a timber shortage.133  While the 
Grado ship had a long life span, undergoing several repairs, there is only evidence for one 
frame being replaced (based on wood species identification).134  Therefore, repair and 
replacement does not adequately explain the high irregularity exhibited by the ship’s 
framing.  The use of unconventional compass timbers, inconsistent shapes of frames, and 
potentially reused framing elements provides strong evidence that the framing system 
of the Grado vessel is a result of cost-saving measures, not strategic planning by the 
shipwrights.   
One of several wrecks discovered off the coast of southern France near Saint-
Gervais, the Saint-Gervais III wreck was dated to the mid-2nd century C.E. based on its 
                                                          
133 Steffy 1994, 65. 
134 Beltrame and Gaddi 2007, 144. 
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associated pottery.135  The ship was preserved for a length of 14.7 m and a width of 6.6 
m, and the reconstructed size was 17 by 7.5 m.136  The midship frame was flat-floored 
with a rounded turn of the bilge.  There were 55 surviving frames, all of which followed 
the standardized pattern of floor timbers alternating with paired half-frames.  Most of 
the paired half-frames met over the keel and were not scarfed to each other.  There were 
two pairs of asymmetrical half-frames that would not have had contributed to the hull’s 
rigidity.137  Both the floor timbers and the paired half-frames were extended by futtocks.  
Generally, the futtocks were butt-scarfed to their partnered primary framing element 
but not fastened to them.  In a few cases, where the futtocks were not butt-scarfed, 
wedges were used to fill the gap between the two.  The frames averaged 0.14 to 0.16 m 
sided and 0.13 m moulded, and spaced 0.28 to 0.30 m apart.  The frames were fastened 
to each strake with paired treenails, as well as copper nails at the bow.  Three of the floor 
timbers were fastened to the keel with copper bolts, two of which were in association 
with the keel scarfs. 
One notable feature seen in the framing of the Saint-Gervais III wreck has been 
interpreted as early evidence for active frames.138  Three mortise-and-tenon joint pegs 
were driven from the exterior of the hull at the level of strake 7 and 8 under two floor 
timbers near the bow, while all the other pegs were driven from the interior of the hull.  
                                                          
135 Liou et al. 1990, 177.  
136 Liou et al. 1990, 219. 
137 Liou et al. 1990, 219-29. 
138 Liou et al. 1990, 232-33. 
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This could indicate that the floor timbers in question were erected early on in the 
construction process, and were already in place when the planking was being assembled.  
However, the limited application of these exterior-driven pegs is more likely the result of 
repairs after the initial construction of the vessel. 
Framing in the 2nd century C.E. appears to be taking a counter-intuitive step by 
becoming more irregular as time progresses; however, this does not appear to be 
strategically driven by the shipwrights and is therefore not indicative of framing 
development.  The offset framing does not signify a purposeful arrangement, a fact that 
is discernable in the irregularity of the asymmetry.  The enduring uniformity in 
Mediterranean ship framing indicates that regularity and standardization are 
advantageous to ship construction, as they allow shipwrights to reliably build vessels that 
are capable of serving their intended purpose.  The question then becomes: why would 
asymmetrical framing be used at all?   
Given the irregular and nonintegrated application of asymmetrical framing, it is 
unlikely for it to be a strategic development by shipwrights designed to increase the 
rigidity and strength of hulls.  The best alternative explanation is a paucity of resources 
– manpower, timber, or time.  This motivating factor appears to be the general desire to 
reduce costs in ship construction.  As framing is still secondary to pegged mortise-and-
tenon edge joinery of planking in terms of a ship’s structural integrity, it is an easy 
opportunity to reduce costs.  As long as the framing loosely follows the pattern of floor 
timbers alternating with paired half-frames, it still adequately reinforces the hull.  
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Overall, the idiosyncrasies of framing in the 2nd century C.E. provide little evidence for 
growing sophistication or an increased structural role of floor timbers alternating with 
paired half-frames.  
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CHAPTER IX 
3rd CENTURY C.E. 
 
Hull framing in the 3rd century C.E. shows a continued deviation from the 
standardized pattern of floor timbers alternating with paired half-frames with the use of 
asymmetrical framing components that were characteristic of ships in the previous 
century.  The archaeological evidence of framing in this century is limited and primarily 
comes from the central and western Mediterranean. Five shipwrecks are dated to this 
century and reviewed.139  Framing maintains its role as a secondary source of 
reinforcement to the pegged mortise-and-tenon edge-joinery in the hull, but continues 
to display less, rather than more, regularity as time progresses.  The ideal framing 
archetype remains as follows: floor timbers spanning from one turn of the bilge to the 
other, paired half-frames beginning off the keel and extending through the turn of the 
bilge, and futtocks that are in-line with their partnered frames but still unfastened.  
However, the unsystematic placement of the frames remains the biggest point of 
irregularity visible among the wrecks of this period.  Whether a consequence of resource 
limitation or an indicator of their experimentation with the application of novel framing 
systems, the shipwrights no longer strictly adhered to a standardized framing tradition.   
                                                          
139 The Laurons II (Gassend et al. 1984, fig. 10, 85-6, fig. 17a-d, 98, fig. 22, 103-5; Ximénès and Moerman 
1991, 221), La Bourse (Gassend 1982, 80-1, 94, 121; Cuomo and Gassend 1982, fig. 5; Carre 1998, 101), 
Laurons III (Ximénès and Moerman 1987, 174-7, fig. 5), and the Marseille 7/ Jules Verne 8 (Pomey 1995, 
462-3) shipwrecks are dated to the 3rd century CE.  The Napoli B shipwreck (Giampala et al. 2005, 69-72) 
is dated to the end of the 2nd century and the beginning of the 3rd century CE. 
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The Bourse, or Lacydon, ship was dated between 190 and 220 C.E., and found 
near Marseille.140  The preserved portions of the vessel measured 20 m in length and 7 
m in width, while the estimated original dimensions were 23 by 9 m.141  The vessel was 
fairly flat-floored, with a rounded turn of the bilge and built using pegged mortise-and-
tenon edge-joinery.  It had a total of 65 preserved frames that revealed a pattern of floor 
timbers alternating with paired half-frames.142  The floor timbers varied significantly in 
their length and orientation – while several were centered over the keel, many were not.  
As with other ships that employed asymmetrical floor timbers, there was almost no 
pattern or regularity to their application.  Short floor timbers were used at the 
extremities of the vessel, often a necessity due to the pronounced curvature of the hull 
at their locations, but there were several short floors also used near amidships, which 
was uncommon.   
Like the floor timbers, the majority of the paired half-frames were centered over 
the keel, but several others were offset from the central axis over the keel.  Many of 
these asymmetrical half-frames were found in the center of the hull, in which the 
meeting points between the paired half-frames were offset in an alternating manner on 
the starboard and port sides of the vessel.  This regular pattern could suggest a certain 
degree of strategic frame placement by the shipwright to balance the weak points 
located between the paired timbers.  The futtocks and their partnered framing timbers 
                                                          
140 Carre 1998, 101. 
141 Gassend 1982, 93-4. 
142 Gassend 1982, 80-1. 
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were butt-scarfed together but not fastened to one another.  The frames averaged 0.08 
m sided and 0.15 m moulded dimensions, with an average room-and-space of 0.25 m.  
Frames were fastened to the planks with treenails and eight of the floor timbers were 
bolted to the keel. 
Of the eight bolted floor timbers, four are associated with a keel-endpost scarf.  
The other four are spaced every 8th to 10th frame.143  Bolting frames (including those 
coupled with keel scarfs) is not unprecedented, though the regular spacing of these 
fastenings is curious.  It is possible that shipwrights were interested in expanding the use 
of bolts to strengthen the spine of the vessel.  Although some scholars may argue that 
the use of frequent bolts is indicative of the development toward framed-based 
construction, the limited application seen here is a method of keel reinforcement rather 
than evidence for the expanded role of framing in ship construction.   
While the asymmetry of the Bourse vessel is pronounced, at its core the framing 
system consists of floor timbers alternating with paired half-frames, however irregular it 
may appear.  The combined use of asymmetrical floor timbers with asymmetrical paired 
half-frames is shown in figure 5.  Much of the irregularity appears in the midsection of 
the ship, which is easily explained by problems in procuring timber for the vessel’s 
construction or another type of resource scarcity, or other economic factors 
necessitating reduced costs in ship construction.  With an estimated breadth of 9 m, it 
could be  very difficult to find timbers that span the entire breadth  of the hull, forcing
                                                          
143 Gassend 1982, 80-1. 
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Figure 5. Asymmetrical floor timbers alternating with 
asymmetrical paired half-frames. 
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builders to use several smaller timbers.  The framing elements of the Bourse ship remain 
nonintegrated and are comparable to those seen in the 2nd century C.E. Grado wreck.  
The similarity in framing between these ships substantiates the conclusion that no major 
conceptual change in framing has occurred in the construction of the Bourse wreck. 
A number of wrecks were discovered in the Golfe de Fos in France, one of which 
was dated to the end of the 3rd century C.E.144  Relatively flat-floored with a rounded turn 
of the bilge, the vessel was built using pegged mortise-and-tenon edge-joinery.145  The 
ship, called the L’Anse de Laurons II, was preserved for a length of 13.3 m and a width of 
6 m, and the reconstructed dimensions were 15 by 5 m.  One of the most exceptional 
features of this ship was that its bulwarks, deck beams, deck planking and other features 
of the top deck were preserved – including the extremities of the frames.146  The general 
framing pattern of the ship consisted of floor timbers alternating with paired half-frames 
as evidenced by the 55 preserved frames.147  Floor timbers ranged from 2.5 to 3.0 m in 
length, and generally extended from one turn of the bilge to the other.  There were 
examples of shorter floor timbers, even amidships, where a small, intermediate futtock 
was used before a longer, more typical futtock.  Some of the paired half-frames began 
over the keel, but there were many examples of paired half-frames that were offset from 
                                                          
144 Gassend et al. 1984, 76. This ship was first dated to the end of the 2nd century CE but was re-dated on 
the basis of a coin in the pitch covering ceiling planking and an analysis of some of the ship’s ceramics 
(Ximénès and Moerman 1991, 221). 
145 Gassend et al. 1984, 88-9. 
146 Gassend et al. 1984, 78-86. 
147 Gassend et al. 1984, 98. 
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the central axis.  Some of these asymmetrical pairs were only slightly offset while others, 
particularly towards amidships, were much farther offset.  Futtocks were in-line with 
their partnered framing timbers; either butt-scarfed or slightly spaced, but never 
fastened. 
The unusual preservation of the deck revealed the way in which the futtocks 
extended above the deck line, where they formed part of the bulwark supports.  In 
addition to supporting the bulwark planting, the futtocks also supported the caprail.148  
The sided dimension of the frames averaged 0.07 to 0.09 m and the center-to-center 
spacing averaged 0.20 to 0.22 m.  The moulded dimension of the floor timbers ranged 
from 0.20 m over the keel to 0.10 m at their extremity; the half-frames’ moulded 
dimension was more consistent at 0.09 m.  Four floor timbers were fastened to the keel 
with iron bolts; three were used to reinforce a keel-endpost scarf, while the fourth was 
found at the center of an endpost.  Frames were fastened to the planking with a pair of 
treenails driven from the exterior of each strake, and either copper or bronze nails were 
added to reinforce the garboard and the second strake. 
The framing of the L’Anse de Laurons II vessel is best characterized as traditional, 
with some irregularity in timber selection and placement, and therefore not suggestive 
of conceptual or functional changes in the framing system.  The unique feature visible in 
this ship is the use of futtocks, or top timbers in some cases, to form the stanchions for 
the bulwarks.  The majority of the floor timbers continue to span the hull from one turn 
                                                          
148 These futtocks can also be called top timbers as they are the uppermost frame timber. 
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of the bilge to another; when the floor timbers are too short to bridge this distance, 
short, intermediate futtocks are used.  Paired half-frames are still applied in a 
conventional manner, although several asymmetrical half-frames are also present.   
The use of short framing timbers as well as highly asymmetrical framing timbers 
provides further evidence that irregular framing is a tradeoff to limit cost.  Since these 
short timbers do not provide significant structural benefits to the vessel, their use in 
construction by shipwrights may indicate a shortage of resources.  Despite this seeming 
resource limitation, the shipwrights tried to adhere to the standardized framing tradition 
by substituting the larger timbers for the more easily procured timbers.  The overall 
usage of floor timbers alternating with paired half-frames remains a secondary form of 
hull reinforcement. 
The Lacydon and the L’Anse de Laurons II wrecks exemplify the continued 
variability that is characteristic of ship framing in the 3rd century C.E.  As with the previous 
century, this is reflected in the use of asymmetrical floor timbers and half-frames in all 
areas of the hull.  The framing seen in the Lacydon ship is an extreme example of 
irregularity in both timber size and placement; there is so much internal variation that in 
some cases, it can be difficult to distinguish the floor timbers and the half-frames.  The 
framing of the L’Anse de Laurons II ship is a more typical example of floor timbers 
alternating with paired half-frames using the asymmetrical placement of framing 
elements.  In spite of some peculiarities in the framing pattern, the conceptual approach 
to framing has not changed in the 3rd century C.E.; the idealized pattern persists as floor 
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timbers alternating with paired half-frames – making it obvious that framing has yet to 
develop a more imperative role in ship construction at this time. 
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CHAPTER X 
4th CENTURY C.E. 
 
 The 4th century C.E. marks some of the first signs of the transition from shell to 
frame-based construction, yet very few of these changes are reflected in the framing.  
Unfortunately, there are fewer wrecks from this century in comparison to previous 
centuries, but the available wrecks are well-preserved.  There are six shipwrecks 
reviewed for this century.149  Some developments continue from the previous century; 
such as more closely spaced framing elements and the more systematic use of bolts to 
secure.  However, the asymmetry that was common during the last few centuries is 
noticeably reduced; floor timbers are all fairly centered and there are only a few 
examples of asymmetrically placed half-frames.  Although the pattern of floor timbers 
alternating with paired half-frames persists as the standard framing system, there is a 
reduced emphasis on the edge-joinery of planking – the primary source of hull strength 
in shell-based construction. 
One of the most significant wrecks of this period was at Yassıada, known as the 
Yassıada II wreck.  Located off the coast of Bodrum, Turkey, the sinking of vessel was 
dated to the end of the 4th century or, more likely, to the beginning of the 5th century 
                                                          
149 The following shipwrecks are reviewed for this century: Port Vendres A (Chevalier and Santamaria 
1973, 9, 18-21), Dramont F (Joncheray 1975b, 108, 120-3, 131; Joncheray 1977, 5, 6, 7), Pointe de la 
Luque B (Clerc and Negrel 1973, 65-6, 68), Fuimicino 1 (Boetto 2000, 99, 100; Boetto 2001, 124-5; Boetto 
2003, 66, 67; Boetto 2008, 42-5, 51, 53-5), Fuimicino 2 (Boetto 2001, 124), Yassıada II (Bass and van 
Doorninck 1971, 29, 31-2, 33-4, 37; van Doorninck 1976, 124-7) shipwrecks. 
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based on its associated ceramics.150  The original length and beam of the vessel was 19 
by 6.6 m, and luckily, most of the length of the ship was preserved.151  Following what 
appears to be a developing trend for this century, the Yassıada II ship was built using 
loose fitting mortise-and-tenon edge joinery.  Forty-eight of the estimated 68 frames 
survived, revealing a pattern of floor timbers alternating with paired half-frames.152  The 
floor timbers terminated variably between the 10th and 17th strakes but most commonly 
between the 13th and 16th strakes.  The paired half-frames were abutted over the keel 
though not fastened to each other.  Similarly, the futtocks were mostly scarfed to their 
partnered framing timbers with a butt-joint.  However, three futtocks slightly overlapped 
their partnered floor timbers: B4, B8, and B15.  The most unusual of these was B4, which 
had a carefully cut scarf to fit into its partnered floor timber.  None of the futtocks were 
fastened to their partnered framing timbers, though one short futtock was fastened to a 
second futtock with a treenail.153  Generally, the frames were fastened to the planking 
with treenails. 
Seven of the floor timbers were bolted to either the keel or the stern post.  The 
bolts had been inserted from the exterior and their primary purpose was to secure the 
keel to the potential sternson, which was not preserved.  The bolted floor timbers had 
the largest sided dimension, ranging from 0.13 to 0.15 m, while the other floor timbers 
                                                          
150 Bass and van Doorninck 1971, 37. 
151 Bass and van Doorninck 1971, 29-30. 
152 Bass and van Doorninck 1971, 31-2. 
153 Bass and van Doorninck 1971, 32. 
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ranged from 0.12 to 0.14 m.154  Futtocks were as much as 0.04 to 0.05 m narrower than 
their floor timbers, while the sided dimensions of the half-frames ranged from 0.08 to 
0.13 m.  The moulded dimension for all the frames was relatively consistent at 0.123 m, 
although over the keel it increased to 0.15 m.  The average center-to-center spacing was 
just under 0.27 m.155  Surprisingly, the frame spacing was tightest in the same two areas 
of the hull where the mortise-and-tenon joints were most closely spaced.156  One would 
expect the frame spacing to be tighter where the strength of the mortise-and-tenon 
joints was weakest, i.e., where they were most widely spread.   
Notably, there is indirect evidence for the installation of a pair of half-frames 
amidships (B7) as early as the placement of the 5th strake.157  The pegs for the mortise-
and-tenon edge joinery of the planking were only found under these paired frames up 
through the 4th strake, suggesting that the presence of the half-frame impeded any 
further insertion of pegs on the 5th strake and above.  Plank edge joints were not in close 
proximity to these half-frames; between strakes 6 through 20, the closest were between 
0.4 to 0.6 m away.  The shipwrights instead fastened the planking to these half-frames 
using a pair of nails, one from each side of the scarf.158  The reason for the early 
placement of these paired half-frames is unclear, but they probably served as a control 
                                                          
154 It is noteworthy that the sided dimension of bolted floor timbers is the widest.  This appears to be a 
purposeful decision on the part of the shipwrights. 
155 van Doorninck 1976, 124. 
156 van Doorninck 1976, 124. 
157 van Doorninck 1976, 126-7. 
158 van Doorninck 1976, 126. 
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or a guide in the placement of the subsequent strakes.  The unanswered question is why 
the shipwright, who likely had a great deal of experience building ships in the shell-based 
method, needed the assistance of a guiding frame. 
 The framing of the Yassıada II ship remains consistent with the standardized 
pattern of floor timbers that generally span from one turn of the bilge to the other 
alternating with paired half-frames that are abutted over the top of the keel or very close 
to it.  The absence of asymmetrical floor timbers could indicate that the shipwright had 
more sufficient access to resources than those in prior centuries.  That the paired midship 
frame B7 is installed prior to the completion of the planking is a significant marker in 
terms of ship construction.  Based on the frames of the 4th-century B.C.E. Kyrenia wreck, 
Steffy concluded that the half-frames were not installed until the planking was 
completed.159  In the Yassıada II ship, the widening of the planking edge-joinery allows 
for more shifting of the strakes during the building process; therefore, at least one of the 
half-frames was installed earlier in the construction sequence to provide additional 
surfaces to which the shipwrights can secure the planking until all strakes are fastened.  
More importantly, this frame provided a control for the ship’s form as it represents the 
complete cross-section of the hull.  While the framing has yet to be developed in a way 
that provides additional strength for the hull, there is an increased sophistication in how 
it was applied to solve structural problems during the construction process. 
                                                          
159 Steffy 1994, 50. 
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The Pakoštane wreck was discovered in northern Dalmatia near its eponymous 
town in Croatia.  The wreck was found at depth of 2.5 to 2.75 m and dated to the end of 
the 4th century C.E. based on its associated ceramics and construction.160  The ship was 
preserved in two main sections: the first measured 9 by 2. 7 m while the second 
measured 7 by 3.5 m.  The estimated length of the completed vessel was between 15 to 
20 m.161  A total of 33 framing stations were preserved on the hull presenting a pattern 
of floor timbers alternating with paired half-frames.162  Unfortunately, only eight floor 
timbers and seven paired half-frames could be distinguished in the absence of a surviving 
keel, in addition to 24 futtocks.163  There was no evidence to suggest the use of 
asymmetrical floor timbers or half-frames on the ship, potentially a consequence of the 
limited preservation of the hull.   
The futtocks were generally butt-scarfed with their partnered framing timber 
though others were separated or placed beside the partnered framing timber.164  There 
were a few examples of futtocks that were connected with a more elaborate scarf – there 
was a single long diagonal scarf and short variants of the S-scarf.165  Also, the site map 
revealed several instances of a small futtock placed between a larger futtock and the 
partnered framing timber.  The frames of the Pakoštane ship had a cross-section that 
                                                          
160 Boetto et al. 2012, 128. 
161 Boetto et al. 2012, 128. 
162 Boetto et al. 2012, 118-20. 
163 Boetto et al. 2012, 118. 
164 Boetto et al. 2012, 120. 
165 Boetto et al. 2012, 120. 
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was almost square, measuring 0.094 m sided and 0.098 m moulded with some of the 
bilge corners rounded.  At least three of the preserved floor timbers were fastened to 
the keel with iron bolts that were driven from underneath the keel.166  The frames were 
fastened to the planking with a combination of unclenched metal nails (copper and iron) 
and treenails, both of which were driven in from the exterior.   
This wreck is dated to the early stages of the development from shell- to frame-
based construction and, consequently, it reveals certain transitional features.  Like the 
Yassıada II ship, the Pakoštane ship has loosely fitting pegged mortise-and-tenons used 
in edge-joining of its planking.167  However, unlike the Yassıada II ship, the Pakoštane ship 
comes from the central Mediterranean, thus revealing that the transition in ship 
construction is affecting ship building across the Mediterranean.  Both the Yassıada II and 
Pakoštane ships have lost the asymmetrical framing that has been observed since the 1st 
century C.E. and consequently, the framing appears more regular.  The resource scarcity 
that likely plagued earlier shipwrights may be entirely situational, rather than a regional 
or a pan-Mediterranean phenomenon. The shipwrights of these vessels may have had 
access to secure high-quality ship timbers, or those commissioning the vessel have had 
the means necessary to afford prime shipbuilding timbers.  However, the absence of 
asymmetrical framing appears to be an aberration from the general pattern, as this 
feature is again observed in ships of the following century. 
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The 4th century C.E. marks the beginning of the transition away from shell-based 
construction, most notably in the widening and loosening of mortise-and-tenon edge-
joinery.  Shipwrights clearly became less dependent upon the internal strength imparted 
by these edge fasteners and developed a more sophisticated use for framing without 
significantly altering their pattern or secondary role in reinforcement.  In frame-based 
construction, integrated framing replaces pegged mortise-and-tenon edge joinery as the 
primary source of hull strength; either the shipwrights did not think that the hull strength 
had been sufficiently compromised to merit additional reinforcement, or they did not 
yet conceptualize integrated framing as a means of accomplishing this feature.  The ends 
of the paired half-frames were placed more closely together, the first stage in the 
eventual trend towards overlapping paired half-frames.168  The continued use of the 
standardized framing pattern of floor timbers alternating with paired half-frames in both 
riverine and seagoing craft speaks to its universal applicability.  Ultimately, framing in the 
4th century C.E. has yet to develop in terms of design, pattern, or structural function. 
  
                                                          
168 There are outliers in this century like the Dramont F wreck, which exhibited half-frames that started 
one meter away from the keel – however this is drawn from a single example (Joncheray 1975b, 123). 
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CHAPTER XI 
5th CENTURY C.E. 
 
Five shipwrecks are cataloged from the 5th century C.E.169  Continuing the trend 
seen in the previous century, the shipwrecks from this century exhibit features that 
continue the conceptual break from the tightly fitting, closely fitting, and large pegged 
mortise-and-tenon joint tradition with widely spaced, loose fitting, small edge-fasteners, 
some of which were not pegged.  Still, the framing does not display significant 
development or conceptual changes in its design or use.  The wrecks of the 5th century 
C.E. indicate that the gradual transitioning from shell-based construction has not yet 
affected the integrated structural role of frames in shipbuilding. 
A 5th-century C.E. wreck was discovered during excavations for the construction 
of the Theodoric Park in the city of Ravenna, Italy.  The preserved dimensions of the 
vessel were 7.22 m in length by 2.75 m in width.170  Estimated to have been originally 9 
m in length by 3.1 m abeam, this ship had a cargo capacity of 4.85 tons.171  The ship was 
almost flat-floored with a relatively gentle turn of the bilge.172  This was a small vessel 
primarily designed to operate along the Italian coast, but could still sail in open water.  
                                                          
169 These shipwrecks are the Ravenna (Medas 2001, 111; Medas 2003, 45-7), Padovetere (Beltrame and 
Costa 2016, 2, 5-7), Dramont E (Santamaria 1995, 116, 150-60, 175-6), YK 34 (Kocabaş 2015, 21-2), and 
the YK 35 (Kocabaş 2015, 23-6) shipwrecks. 
170 Medas 2003, 45.  
171 Medas 2003, 45. 
172 Medas 2003, 47. 
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The vessel was built using shell-based methods as evidenced by the planks that were 
fastened with unpegged and widely spaced mortise-and-tenon joinery.173   
What made the Ravenna vessel particularly interesting was that, along with the 
observed changes in its edge joinery, it was not built with the typical framing 
arrangement of floor timbers alternating with paired half-frames.  Instead, it exhibited 
successive floor timbers in the central portion of the hull, and what the excavator 
referred to as “high ribs without corresponding floor timbers or futtocks.”174  These 
appear to be short half-frames that were likely used to reinforce the steeply angled hull 
planking at the ship’s extremities.  Eighteen frames survived, measuring on average 0.07 
to 0.08 m sided and 0.08 to 0.09 m moulded with spacing between the frames ranging 
from 0.20 to 0.30 m.175  Three of the frames had futtocks that were fastened with an iron 
nail that was driven laterally, and some of the frames were fastened to the keel with iron 
nails.  The frames were fastened to the planking using a combination of treenails and 
iron nails. 
The Ravenna wreck offers some insight into the relationship between ship 
framing and the transitioning from the use of closely spaced and tightly fitting strong 
mortise-and-tenon edge-joinery.  This vessel has a weak system of edge-joinery, 
particularly in comparison to those of earlier wrecks.  The ship’s framing system is 
seemingly stronger than the standard pattern of floor timbers alternating with paired 
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half-frames, leaving one to wonder if this is a purposeful substitution made by the 
shipwright to supplement any inherent weakness of the planking edge-joinery.  The 
ship’s excavator believes so, arguing that the rigidity of the hull is in fact reliant primarily 
on the framing system.176  This may be inaccurate, as other vessels employ loose and 
unpegged mortise-and-tenon joinery, and are not dependent upon frames for their hull 
rigidity, but the excavator’s claims are supported somewhat by the employment of 
successive floor timbers along the length of the hull.   
Discovered near Cape Dramont, the Dramont E ship was dated between 425 and 
455 C.E. based on coinage found in association with the wreck.177  A portion of the hull 
measuring 12.84 by 5.54 m was preserved from an estimated original length of 15.5 to 
16 m.178  The hull had a wine-glass shaped profile with a round turn of the bilge and 
relatively loose mortise-and-tenon edge-joinery.179  The ship exhibited a standard system 
of floor timbers alternating with paired half-frames.180  The floor timbers were centered 
on the keel and varied in length from 2.35 to 3.92 m.  There were two examples of 
asymmetrical floor timbers, with total lengths of 3.92 m and 2.52 m, and only 1.1 m and 
0.46 m portions of them extending onto the port side, respectively.181  As with earlier 
wrecks, the floor timbers were fashioned from compass timbers – adding considerably 
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to their strength.  Only the bottom faces of the floor timbers showed evidence of 
significant shaping; there were several instances of shims secured with treenails to fill in 
gaps between the frames and the planking.182  The center-to-center distance was 
approximately 0.27 m, but a precise value was difficult to assess due to the highly sinuous 
nature of the frames.183  The frames were fastened to the hull planking with treenails 
driven from the exterior of the hull, following a general rule of two per plank per frame, 
with the exception of the garboard strake where either bronze or iron nails were used.  
Five of the floor timbers were fastened to the keel with iron bolts, four of which did not 
directly penetrate through the keel-endpost scarfs, but were on either side of them – 
thus appearing to provide some reinforcement for the scarfing.184 
The majority of the paired half-frames were centered over the keel, although 
some were referred to as being asymmetrical.185  However, these asymmetrical half-
frames were only slightly offset from the central axis of the ship, not nearly as extensive 
as the asymmetrical half-frames seen in hulls of previous centuries.  The length of the 
half-frames varied considerably, ranging from 0.53 to 2.82 m.  In all but two instances, 
the bottom faces of the half-frames were shaped to make contact with the planking.186  
Futtocks were generally butt-scarfed to their partnered framing timbers; there were 
examples of diagonal scarfing, but they were too short to have any structural 
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significance.  There were a few examples of futtocks that overlapped, but were still 
unfastened to their partnered framing timbers, and instances of many short 
intermediate futtocks assembled in-line with longer futtocks.  The joins between the 
futtocks and the floor timbers were offset by an additional 0.95 to 1.64 m from those 
with paired half-frames.   
The framing seen in the Dramont E wreck is not noticeably different from those 
seen in the previous century, continuing the trend towards weaker mortise-and-tenon 
edge joinery.  The framing remains disconnected and irregular, thus adding in no 
significant way to the hull’s strength.  Framing still plays a secondary structural role 
during the early stages of the transition to frame-based construction.  The labor required 
for extensive shaping of frame timbers was applied primarily to the bottom faces, where 
the frames contact the hull planking, and even then some frames still had gaps that were 
bridged with shims.  The shipwrights continue to rely on the strength inherent in compass 
timbers.  The asymmetrical nature of the framing is best explained as a consequence of 
logistics rather than design.  Like the asymmetrical framing of earlier centuries, this 
feature does not add strength or rigidity to the hull and likely resulted from difficulty of 
finding suitable construction timbers.   
While framing development shows relative stagnation, the distance between the 
mortise-and-tenon edge joints increases even though the hull is clearly designed and 
built using the shell-based approach.  This phenomenon continues to show a conceptual 
disconnect between the application of framing as a structural component and the move 
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away from shell-based construction.  This is a strong indication that the beginning phase 
of the transition is driven by changes in the ability to shape, install, and fasten planking 
during construction rather than by naval developments in framing systems.  The framing 
in the 5th-century C.E. Dramont E wreck plays only a secondary role to the weak mortise-
and-tenon edge joinery. 
One other notable ship in the 5th century C.E. is a river barge from St. Maria in 
Padovetere, Italy. This ship is dated to the beginning of the 5th century based a coin and 
amphorae fragments found in association with the hull.187  The hull is estimated to have 
had an original length of 22 m with a flat-floored cross-section to carry large and bulky 
cargoes.188  There are two structural features that make this vessel noteworthy:  the use 
of three types of hull edge-joinery techniques and its framing system.  The bottom 
planking is sewn together, while the side planking uses a combination of unpegged 
mortise-and-tenon joinery and nails.189  The hull exhibits successive paired L-shaped floor 
timbers, some of which are diagonally scarfed to their partnered futtocks.190  The paired 
L-shaped floor timbers have an alternating long arm along the hull and are fastened with 
treenails.  When the floor timbers are scarfed to their partnered futtock, it is to the short 
arm and the futtock is in-line with the floor timber. 
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  The structural features of the Padovetere barge are representative of the 
construction techniques being used in the Adriatic at this time, but more importantly, 
the framing system is reflective of what is being used on riverine barges.  This flat-floored 
framing system has yet to be applied to seagoing vessels, but will play an important role 
in the development of in-line framing beginning in the late 8th to early 9th centuries C.E.  
In-line framing, as observed in the Serçe Limanı ship, is a series of successive L-shaped 
floor timbers with alternating long arm along the hull, extended by futtocks.191 
 Despite evidence for some framing peculiarities in the 5th century C.E., the overall 
pattern, unsurprisingly, remains standard in seagoing ships – floor timbers alternating 
with paired half-frames.  The Dramont E vessel is differentiated only by its asymmetrical 
framing, comparable to what is seen in the 1st through 3rd centuries C.E., and may 
indicate that the lack of asymmetry in the 4th century C.E. is anomalous.  The wreck from 
Ravenna is built with successive L-shaped floor timbers and almost entirely without using 
paired half-frames.  Archaeological evidence indicates that riverine vessels may have 
been using successive floor timbers since the 2nd century C.E., and the shallow-draft 
Ravenna ship may have followed this trend.  Even in shallow-water vessels, which utilize 
a completely different manner of framing, the mortise-and-tenon edge-joinery of the 
planking becomes loosely fitted, more widely spaced, and unpegged. 
Across the board in seagoing ship construction, all types of vessels now depart 
from this labor-intensive, closely spaced mortise-and-tenon joinery regardless of their 
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framing pattern.  Therefore, shipwrights are learning to rely less on the inherent strength 
of these joints, even without any corresponding developments in the design or 
application of framing.  Scholars often consider the weakening of mortise-and-tenon 
edge-joinery to be an indicator of the shift towards frame-based construction, but there 
have yet to be any major changes in framing systems that could act to compensate for 
the reduced hull rigidity provided by these mortises-and-tenons joints.  Rather, the 
weakening of edge joinery is indicative of a conceptual step away from shell-based 
construction, almost undoubtedly motivated by economic factors.  It is not until the 7th 
century C.E. that one sees potential evidence for the further integration of framing into 
the hull.     
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CHAPTER XII 
6th CENTURY C.E. 
 
The archaeological evidence for ship construction in the 6th century C.E. is limited 
to a single well-published site, the Dor/Tantura Lagoon, in which three wrecks date to 
the 6th century: the Dor 2001/1, Tantura A, and probably also Dor 2006 ships.192  Another 
contemporaneous wreck comes from Port Berteau, France; unfortunately, the ship had 
turned upside-down while sinking so little of its framing survived.193  The excavations 
conducted in the Dor/Tantura Lagoon provide some of the most tantalizing evidence for 
the study of ancient ship construction to date.  Only one wreck, Dor 2001/1, has a well-
preserved framing arrangement, but all three shipwrecks reveal significant aberrations 
from the shell-built tradition, the most prominent of which is the complete lack of edge-
fasteners on hull planking.  This has led several researchers to suggest that the transition 
to frame-based construction started in the 6th century C.E. – much earlier than previously 
thought.194  Unfortunately, the evidence is geographically limited and difficult to 
interpret.  As discussed in the previous chapter, the weakening of planking edge-joinery 
only indicates a conceptual step away from the labor-intensive shell-based tradition, 
rather than a development towards frame-based construction.  The Dor 2001/1 wreck 
exhibits only slight variations from the earlier common framing style, revealing that any 
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weakness caused by the absence of planking edge-fasteners did not necessitate a 
corresponding advancement in framing.  Building a ship that requires neither edge 
joinery nor any structural innovation suggests that the frames remain an ancillary 
feature, particularly considering the frames were not larger nor more closely spaced. 
The Dor 2001/1 ship represents a coaster transporting 35 tons of construction 
stone to an unknown destination.195  The ship was dated to the 6th century C.E. based on 
analysis of the associated ceramics and 14C dating.196  The preserved dimensions of the 
vessel measured 11.5 long by 4.5 m wide while the estimated original dimensions were 
16.9 m in length and 5.4 m in breadth.197  While a large portion of the hull was preserved, 
only a 2.5 m-long section was removed for careful examination and recording in 
laboratory conditions, limiting the extent to which the ship’s construction can be 
analyzed.198  The hull had a flat bilge with a hard turn of the bilge and straight sides, 
which would have given the vessel a barge-like appearance though the excavators 
indicate that the ship was not a barge.199  By far, the most important feature was the 
absence of planking edge-joinery, which, until this point, had served as the primary 
source of hull strength and rigidity in the Mediterranean.200 
A total of 79 framing elements survived at 42 frame stations, with evidence for 
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two additional stations.201  Frames were preserved up to the turn of the bilge on the 
south-west side of the wreck and up to the second wale on the north-east side, revealing 
a pattern of floor timbers alternating with paired half-frames.  While the majority of the 
ship framing followed this pattern, six successive floor timbers were found in the vicinity 
of the mast-step.202  The use of successive floor timbers reinforced this vulnerable area, 
a strategy that had been employed in previous centuries.  The floor timbers spanned 
from one turn of the bilge to the other and most were fastened to the keel with square 
iron nails measuring 0.012 m per side and 0.210 m in length.  In addition to being nailed, 
six frames were also fastened to the keel with iron bolts inserted from the bottom of the 
keel, two of which connected to a central longitudinal timber.  The frames were fastened 
to the hull planking with iron nails, rather than treenails.  Floor timbers measured 0.09 
m sided and 0.12 m moulded, and the average room-and-space measured 0.24 m. 
The half-frames were slightly smaller than the floor timbers, measuring 0.085 m 
sided and 0.104 m moulded.  They generally were centered over the keel, although some 
of the pairs were asymmetrical.  As with the floor timbers, the majority of the half-frames 
were fastened to the keel with a single iron nail – one nail for each half-frame.203  Each 
frame was also nailed to one of the wales with a single iron nail driven in from the hull 
exterior.204  The central ends of the paired half-frames overlapped at the keel and were 
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diagonally scarfed, fastened to each other with a single iron nail.205  The purposeful and 
repeated application of overlapping paired half-frames is a novel feature, at least in the 
configuration seen in figure 6.  The overlap provides additional strength to the vessel, 
and by fastening the half-frame arms together, paired half-frames now function more 
like floor timbers. 
The nailing of the majority of the floor timbers and half-frames to the keel is an 
innovative feature along with fastening of the frames to a wale.  When combined with 
the overlapping and fastened half-frames, the framing system becomes more extensively 
integrated into the bottom of the hull, thus making it stronger.  However, the individual 
framing elements are still not fastened to each other above the turn of the bilge.  The 
futtocks and top timbers are abutted their partnered framing element but remain 
unfastened.  The framing of the Dor 2001/1 ship is a conceptual step forward regarding 
the integration of various structural components, but there continues to be inherent 
weakness above the turn of the bilge.  Clearly, the framing continues to serve its 
customary role as secondary reinforcement. 
 The Dor 2001/1 ship is remarkable in that it provides the first archaeological 
evidence for a vessel built without any planking edge-joinery in the Mediterranean, 
suggesting that the 6th century C.E. marks an important phase in the transitioning away  
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Figure 6. Floor timbers alternating with overlapping paired half-frames. 
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from shell-based construction.206  In the span of one century, shipwrights have moved 
from significantly weakened planking edge-fasteners (as seen in the Yassıada II ship) to 
none whatsoever, an extreme modification to a thousand year-old shipbuilding tradition.  
The excavators consider this to be a clear indicator that the vessel was built  
according to frame-based principles.  But this brings up an important question: do any of 
the framing features in the Dor 2001/1 vessel attest to functional or structural changes?  
The overlapped and fastened half-frames may impart some additional rigidity, but the 
framing system remains unintegrated and is therefore still a form of ancillary support.  
The early stages of economizing shell-based shipbuilding principles only affect the edge 
joinery and planking, but do not conceptually extend to the function of framing.  Frames 
were being improved to maximize their potential strength, but have yet to become a tool 
for creating the shape of the hull.  Rather, shipwrights across the Mediterranean appear 
to be independently discovering economically efficient methods of building ships of the 
same caliber, and this tinkering is reflected in the archaeological record. 
  
                                                          
206 In central and northern Europe, boats had been built without edge-joinery prior to the 6th century, yet 
these vessels are still conceptually shell-based. 
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CHAPTER XIII 
7th CENTURY C.E. 
 
The 7th century C.E., in which five shipwrecks are cataloged, is an important 
milestone in the development of framing.207  There is a conceptual change in the way 
that frames are integrated into the hull, which is particularly evident in the transitional 
features of the Yassıada I wreck.  From the eastern to the western Mediterranean, 
shipwrights seem to be incorporating the framing into the upper portion of the hull.  In 
this century, the framing begins the transformation to acting as a pseudo-skeleton in the 
hull – not in terms of the construction sequence, but as one of the primary sources of 
reinforcement.  The difficult aspect of this development to understand is the motivation 
behind it.  It can be argued that this shift is not being driven by shipwrights’ desire to 
incorporate the framing as source of strength but instead another manifestation of the 
need to reduce costs in ship construction.  The lower portion of the hull is not only the 
most important section of the ship to control the shape of, it is the most difficult due to 
the complex curvatures that are required to make a ship seaworthy.  This area of hull 
continues to be built on a more traditional shell-based method because of this.  However, 
shipwrights have made the realization that they do not have to follow the same 
                                                          
207 The Yassıada I (van Doorninck 1982, 41, 56, 57, 71, 73, 75-7, 83. Pomey et al. 2012, 267), YK 11 (Pulak 
et al. 2015a, 47-50), Pantano Longarini (Throckmorton and Throckmorton 1973, 244, 249, 252; Kampbell 
2007, 45, 53-4, 65), Saint-Gervais II (Jézégou 1985, 351, 353-4; Jézégou 1989, 139-40), and the Dor D 
(Kahanov and Royal 2001, 257, 261, 264) shipwrecks. 
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procedures on the upper portion of the hull, relying instead on framing to build this less 
critical section of the hull, a method that is faster and less expensive.  While the 
motivation behind this process is unclear, the outcome is not – framing is being more 
thoroughly integrated into the upper portion of the hull.  Continuing from the 6th century 
C.E., the paired half-frames are arranged to overlap on the keel, and ships are still built 
with shell-based methods, although the mortise-and-tenon edge joinery is smaller, more 
widely spaced, more loosely fitted, and tenons are unpegged. 
The Yassıada I ship is one of the two wrecks excavated by the Institute of Nautical 
Archaeology at the wreck’s eponymous island in Turkey, with the earliest date for its 
sinking suggested by the presence of a coin at 625 C.E.208  The remains of the ship 
spanned an area measuring 15 by 6.3 m, and the reconstructed dimensions were 
estimated to be 20.5 m in length with a breadth of 5.2 m.209  The vessel had a wine-glass 
shaped hull cross-section with a rounded turn of the bilge and a displacement of about 
73 tons.  Loose, unpegged, and widely spaced (particularly in the middle of the hull) 
mortise-and-tenon joinery was used to align and assemble the first 16 strakes, above 
which no edge joinery was used.210  Based on the framing and building methods, this is 
one of the first clear examples of a ship transitioning away from shell-based construction 
and advancing towards frame-based construction.  
The framing timbers were very poorly preserved, but a remarkable amount of 
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information could be gleaned from them.  Indirect evidence for 45 successive framing 
stations (frames and paired half-frames) was discovered, as revealed by the presence of 
stains on the interior surface of the planking.211  These stains suggested sided dimensions 
that varied from 0.12 to 0.16 m and the few preserved framing fragments indicated a 
0.14 m moulded dimension.212  Large iron nails fastened most of the frames to the keel 
and evidence for bolts was discovered on one of every four frame stations.  Using one of 
these two methods, about three quarters of the frames in total were fastened to the 
keel.  The room-and-space of the frames varied from 0.30 to 0.35 m and the frames were 
nailed to the planking with short and unclenched iron nails.213 
While the pattern of the Yassıada I ship does not deviate from the standard 
arrangement of floor timbers alternating with paired half-frames, it shows a conceptual 
shift in the overall incorporation of framing into the hull.  Perhaps the most noteworthy 
aspect of this vessel is the use of frame-based methods above the 16th strake, where the 
use of edge-joinery was discontinued.  Above this strake, the planking was fastened 
directly to the projecting ends of frames that extended upward from the lower portion 
of the hull, clearly signifying that the Yassıada I ship’s construction was conceptually 
transitioning from a shell-based to a frame-based construction method.  In the lower 
portion of the hull, more of the frames were fastened to the keel than seen in previous 
shipwrecks; shipwrights were clearly aware of the reinforcement added by this type of 
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fastening and tried to maximize its use.  Every fourth frame is bolted to the wales, 
beginning the process of integrating the top portion of the hull into the framing system.  
This feature is also seen in the 7th century Pantano Longarini wreck (Sicily).214  The 
precursor to this type of fastening was seen in the Dor 2001/1 wreck, where iron nails 
were used to fasten a few of the frames to the wales, but the consistency and use of 
bolts is much stronger in the Yassıada I ship.215  Shipwrights are compensating for weak 
edge-joinery with a more thorough integration of framing into the upper hull.  This 
suggests that more integrated framing may be viewed as an alternative for providing 
necessary hull rigidity than the labor-intensive system of mortise-and-tenon edge-
joinery.  In effect, the framing is beginning to transform into the ‘skeleton’ on which the 
hull will rely for its strength.  However, this is still an early stage in the conceptual 
progression – the futtocks remain unfastened to the framing, limiting the additional 
rigidity that this integration would have provided. One of the most critical factors in 
preventing shipwrights from building an entire hull using the frame-based technique is 
that framing is now integrated into the lower portion of the hull and into the upper 
portion of the hull but not yet integrated into itself.  Integrating the entire framing 
system together requires futtocks and top timbers to be securely fastened to their 
partnered framing timbers. 
A wreck discovered at Saint-Gervais in southern France in the Golfe de Fos was 
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dated to the mid- to late-7th century C.E. on associated pottery.216  The preserved section 
of hull from the Saint-Gervais II wreck measured 9.5 by 4.5 m with an estimated original 
length of 15 to 18 m in length.217  The vessel had a wine-glass shaped hull section, a 
rounded turn of the bilge, straight sides, and was thought to be a small merchantman 
carrying an amphorae cargo of corn and pitch.218  Although some mortise-and-tenon 
joins were observed in the planking, the majority of the hull planking did not utilize edge-
joinery – marking the ship’s construction as transitional.219  The vessel exhibited floor 
timbers that spanned from one turn of the bilge to another alternating with paired half-
frames that began over the keel, with evidence for five slightly overlapping pairs.220  
Based on the published hull plan, some of the floor timbers appear to be asymmetrical, 
although this is not mentioned in the site report.221  Floor timbers ranged from 0.12 to 
0.20 m sided and 0.22 to 0.40 m moulded.  The half-frames’ sided dimension varied from 
0.10 to 0.15 m and the moulded dimension ranged from 0.10 to 0.27 m.  In addition, 
there were six intermediate timbers that did not extend all the way to the keel.222   
Generally, the futtocks were placed alongside their partnered framing timbers, 
although some were butt-scarfed but not fastened with nails.  The futtocks were 
fastened to the wales with treenails and iron nails.  The room-and-space for the framing 
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ranged as high as 0.36 m in some areas of the hull though it averaged 0.25 m.223  The five 
overlapping paired half-frames were nailed to each other and bolted to the keel.224  All 
but one of the floor timbers were fixed to the keel with an iron bolt, meaning that 17 out 
of the 27 preserved frame stations were bolted to the keel.  The frames were fastened 
to the hull with treenails and iron nails, the latter of which was used mostly below the 
water line. 
Although the framing of the Saint-Gervais II wreck is well integrated into the 
bottom portion of the hull, it does not demonstrate the same level of upper hull 
integration as the Yassıada I ship.  Like the 6th-century C.E. Dor 2001/1 ship, almost two-
thirds of the frames are fastened to the keel, but the use of bolts instead of iron nails on 
the Saint-Gervais II ship would have provided more strength.  The primary purpose of 
these fastenings appears to be securing the central longitudinal timbers, rather than as 
reinforcement for the spine of the ship.225  The weak fastening between the futtocks and 
wales suggests that the shipwrights only attached the wales to the ship, but did not 
attempt to fully integrate the framing into the upper portion of the hull. This is 
compounded by the fact that the futtocks are not fastened to their partnered framing 
timbers – a development not found in the Yassıada I ship either.   
 The general pattern of floor timbers alternating with paired half-frames did 
undergo conceptual and observable changes in the 7th century C.E.  The majority of the 
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floor timbers continues to symmetrically extend from one turn of the bilge to another 
and is fastened to the keel with either iron nails or bolts.  Most paired half-frames 
continue to be used in their traditional role; however shipwrights now overlapped and 
fastened certain pairs to each other – some of which were also fastened to the keel.  
These are strategic moves by shipwrights to further integrate the framing into the 
bottom of the hull and, while this type of fastening has appeared before, its use has been 
purposefully expanded.  The robust nature of the fastening between the wale and frames 
on the Yassıada I ship suggests that conceptually, shipwrights attempted to integrate the 
framing also into the upper portion of the hull.  Wales have always served as a means to 
gird and stiffen the hull, and now shipwrights are taking the time and effort to bolt them 
to the inner structure of the hull.  So while the limited use of frame-based techniques to 
build the upper hull may be a cost-saving effort, the robust integration of the wales to 
framing elements is not; which means that it is being done to further strengthen the hull.  
Both the Saint-Gervais II and the Yassıada I ships exhibit transitional construction 
features, but the Yassıada I ship is clearly advancing towards frame-based methods.  For 
the first time in the archaeological record, the function of frames is surpassing that of 
edge-joinery as the primary source of hull rigidity in ship construction.  
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CHAPTER XIV 
8th CENTURY C.E. 
 
 The 8th century C.E. is the final century in which the arrangement of floor timbers 
alternating with paired half-frames continues to be the dominant framing pattern.  Five 
shipwrecks are reviewed from this century.226  The evidence for ship construction in the 
8th century comes primarily, though not entirely, from the excavations conducted in the 
Theodosian harbor in Istanbul – also known as the Yenikapı excavations.  In this century, 
some paired half-frames continue to be overlapped and fastened on the keel.  For the 
first time in the archaeological record, there are Mediterranean naval galleys predating 
the 14th century sufficiently preserved to study their framing systems. There is now clear 
evidence that warships exhibit floor timbers alternating with paired half-frames, which 
speaks to the continued and universal applicability of this framing pattern.  After this 
century, in-line framing quickly becomes widespread and replaces the previous framing 
system.  Interestingly, it is in galleys that floor timbers alternating with paired half-frames 
endures the longest, as evidenced by YK 2 and YK 4, galleys from Yenikapı whose 
construction dates to the 9th or 10th century C.E.227 
                                                          
226 These shipwrecks are: Tantura E (Israeli and Kahanov 2012, 373-5, 383, 385), Tantura F (Barkai and 
Kahanov 2007, 21, 23), YK 19 (Kocabaş 2015, 17), YK 12 (Kocabaş and Kocabaş 2008, 112, 114, 121-3; 
Kocabaş 2012b, 10-2; Kocabaş 2015, 15-6), and the YK 27 (Kocabaş 2015, 23) shipwrecks. 
227 Pulak et al. 2015a, 62. Other galley exhibiting floor timbers with paired half-frames from the Yenikapı 
excavations include: YK 13 which dates to 690-890 CE (Kocabaş 2015, 26); YK 16 which dates to the 8th 
century CE (Akkemik 2015, 57; Kocabaş 2015, 26-7); YK 25 which dates to the 10th century CE (Kocabaş 
2015, 27-31). 
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The Tantura E vessel was discovered in 1995 within the Dor Lagoon whose 
analysis is limited in three major ways: imprecise dating, poor preservation of the 
timbers, and its limited excavation. The Tantura E vessel was roughly dated to 
somewhere between the 7th and 9th centuries C.E., but the associated pottery  and 14C 
dating made it impossible to narrow this date range any further.228  The wreck was 
primarily recorded under water, with only select portions brought to the surface for 
further investigation.229  The remains of the vessel covered an area measuring 7.6 by 3.1 
m with the original dimensions of the ship estimated at 12.5 m in length with a maximum 
beam of 4.0 m.230  The ship was carrying approximately 17.5 tons of cargo at the time of 
its sinking and was thought to be coaster that operated along the Levantine coast, which 
would have meant that the ship also operated in open water.231  Despite the highly 
irregular shape of the planking, the absence of edge joinery led excavators to conclude 
that the vessel was built using frame-based method.232   
A total of 59 frames or frame fragments survived in 28 frame stations with 
another eight stations identified based on staining on hull planking and nail remains.233  
While the frames were poorly preserved and the framing pattern was highly irregular, 
there was clear evidence for the presence of floor timbers, half-frames, and futtocks.234  
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For the majority of the hull, the framing pattern consisted of floor timbers alternating 
with paired half-frames, although the excavators did not elaborate on the irregular 
frames.235  The midship frame, which consisted of a pair of half-frames that overlapped 
on the keel, each fastened with a single iron nail to the keel but not to one another, 
provided the only evidence for overlapping half-frames on this wreck.  The futtocks 
overlapped their partnered framing timber though were not fastened to them.236   
The majority of the frames were nailed to the keel with an iron nail, but there 
were four frame stations with no evidence of frame-to-keel fastening.  Frames were 
fastened to the hull with one to three iron nails, depending on the width of the plank.  
The frames had a variety of cross-sectional shapes: those in the center of the ship were 
the most worked, while others were either minimally shaped or partially worked half-
logs.  The frames averaged 0.10 m in sided by 0.12 m in their moulded dimensions, and 
had an average room-and-space of 0.26 m.  There were seven different species of wood 
used for the frames based on the highly irregular nature of the framing, the excavators 
concluded that the shipwright was facing a shortage of quality wood or other resource 
limitations.237   
Dated to the beginning of the 8th century C.E. based on a combination of 14C and 
ceramic analysis, the Tantura F wreck was discovered in the Dor/Tantura Lagoon and 
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ancient Mediterranean shipwrecks and therefore the use of a variety of wood species is not necessarily 
an indicator of crisis. 
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excavated for five seasons beginning in 2004.  The surviving hull section measured 12 by 
3.5 m and included most of the original hull length up to the turn of the bilge on both 
sides.238  The estimated dimensions of the ship were 15.7 m in length by 5.2 m abeam, 
and the hull displayed a relatively flat cross-section with a rounded turn of the bilge.239  
Based on the artifacts discovered in association with the vessel, the excavators believed 
that the remains represented a fishing ship.240  As with other vessels found in the 
Dor/Tantura Lagoon, the Tantura F ship had no evidence for the use of edge-joinery in 
its planking, which led the investigators to conclude that the ship had been built frame-
first.241 
The ship had 36 frame stations exhibiting the traditional pattern of floor timbers 
alternating with paired half-frames, although under the mast-step a series of successive 
floor timbers was discovered.242  Based on the hull plan, the floor timbers extended to 
the turn of the bilge.  Some of the paired half-frames were asymmetrical, while others 
overlapped at the keel.  The amount of overlap varied but was never longer than the 
width of a plank, and half-frames were scarfed and fastened together with iron nails.  
Remains of 15 futtocks overlapped their partnered floor timbers and, for the first time, 
were fastened to them with iron nails driven from one side.243  The futtocks were placed 
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randomly fore and aft of the partnered framing timber regardless of their location in the 
hull.  Frames averaged 0.08 m sided and 0.11 m moulded, with an average room-and-
space of 0.29 m.244 They were fastened to the planking with one or two square iron nails 
per plank per frame, driven inwards from the exterior.  All of the frames were fastened 
to the keel with iron nails.245 
 The Tantura E and F ships reveal little progression in framing compared to the 6th-
century Dor 2001/1 ship.  The only area in which progressive change is evident is in the 
positioning of the futtocks.  In the Dor 2001/1 vessel, the futtocks were in-line with their 
partnered framing timbers.  The futtocks in the Tantura E ship overlap their partnered 
framing timbers and in the Tantura F ship, the futtocks both overlap and are fastened.  
By fastening the futtocks, shipwrights attempted to fully integrate the framing system 
into both the lower and upper portions of the hull.  However, the imprecise dating of the 
Tantura E ship makes it difficult to definitively chronicle this change.  Also noteworthy is 
the reduced usage of overlapping paired half-frames on the Tantura E ship – a feature 
which is prominent in the Dor 2001/1 and the Tantura F ships.  The fastening between 
the keel and the frames is also weaker on the Tantura E wreck; the square iron nails are 
0.007 m in cross-section, nearly half the size of the heads of those in the Dor 2001/1 
ship.246  Like the mixture of wood types seen in the frames of the Tantura E ship, the lack 
of overlapping half-frames and smaller iron nails may indicate a resource shortage for 
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the ship’s builders.247  While the framing adjustments seen in the wrecks of the 
Dor/Tantura Lagoon from the 6th through 8th centuries may not have resulted in weaker 
framing, it is clear that the framing has not become stronger in the intervening time 
period.  However, the absence of planking edge-joinery and the fastening of futtocks to 
their partnered framing timbers denote a continued progression away from shell-based 
and toward frame-based construction. 
 Dated to the late 8th or early 9th century C.E. based on the associated artifacts, 
the Yenikapı (YK) 23 wreck provides a good comparison for the Tantura E and F wrecks.  
The surviving portion of the hull measured 9 by 3.7 m and had reconstructed length of 
15 by 5 m in beam.248  Edge joinery between the planks was only utilized in the lower 
portion of the hull, in the form of coaks or edge-joining dowels.249  This round ship had a 
wine-glass shaped hull section and numerous repairs that indicated it had been used for 
a fairly long time.250  The framing pattern of the ship was floor timbers alternating with 
paired half-frames, as evidenced by 22 preserved frame stations.251  Floor timbers 
spanned from one turn of the bilge to another and the paired half-frames slightly 
overlapped the keel.  Futtocks overlapped their partnered framing timbers by a length of 
three or more strakes, though they were not fastened.  The frames averaged 0.11 m 
sided and 0.15 m moulded with an average room-and-space of 0.38 m.  Almost all of the 
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floor timbers and paired half-frames were nailed to the keel with iron nails and several 
frames were bolted to the keel to reinforce scarfs.  The frames were fastened to the 
planking with short irons nails that were driven from the exterior of the hull. 
When looking at ship construction from the Yenikapı Harbor, a fairly unique 
feature came into play – the use of coaks for edge-joinery between planks.252  As defined 
by Steffy, coaks were rectangular or cylindrical pins used in the ends or seams of timbers 
to align or fortify a joint.253  These had only been documented in the 9th-century 
Bozburun Byzantine ship prior to the excavations at Yenikapı, where a total of 25 
additional ships were documented with this type of edge joinery.254  Consequently, it was 
surmised that this was an important feature of Middle Byzantine period ship 
construction, at least at a regional level.255  The fact that this method of edge-joinery was 
not present after the 10th century C.E. suggests that the use of coaks was a relatively 
short-lived phenomenon – lasting approximately three centuries.  Based on the use of 
coaks in the Yenikapı 23 vessel and the absence of edge fasteners in the Tantura E and F 
vessels, the Yenikapı ships are clearly indicative of unique building traditions, yet there 
is very little difference in their use of frames.256 
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The wrecks from Yenikapı Harbor include the first early-medieval galleys ever 
excavated.  Six galleys were found during the course of the Yenikapı excavation, including 
the Yenikapı (YK) 4 and 16 wrecks.  The framing of these warships varies little from their 
earlier mercantile counterparts, with a few exceptions.  The Yenikapı 16 ship was 
preserved for a length of 22.5 by 2.4 m, and was dated to approximately 720 – 741 C.E. 
based on its 14C analysis.257  Yenikapı 4 was dated to the 8th through 10th centuries and 
was preserved for a length of 18 m. 258  Both ships were categorized as galea, a medieval 
light galley which served to support dromons, and were rowed by 50 men, 25 per side.259  
Both of these vessels were built shell-first, using coaks instead of mortise-and-tenons for 
edge-joinery, and had slightly wine-glass shaped hull sections.260   
The framing system for these galleys consisted of floor timbers alternating with 
paired half-frames.  On Yenikapı 4, there was a series of successive floor timbers in the 
area of the mast-step, installed as repairs to reinforce a weakened area of the hull.261  
Both ships exhibited paired half-frames, most of which overlapped on the keel.  There 
were preserved futtocks which overlapped with their partnered framing timbers; 
however there was no fastening between them.  The frames of the Yenikapı (YK) 16 ship 
were small in cross-section, measuring 0.05 by 0.06 m, and the frames of the Yenikapı 
(YK) 4 ship were similarly small, between 0.06 to 0.07 m sided and moulded.  The 
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shipwrights compensated for the fragility of these frames with their close spacing, which 
ranged from 0.16 to 0.20 m for the Yenikapı 16 ship and 0.23 m for the Yenikapı (YK) 4 
ship.  The reduction in size of framing timbers has a logistical purpose, since naval galleys 
are reliant upon their speed and maneuverability, they have to be light vessels for their 
size.  The frames for both ships were fastened to the hull with iron nails and dowels. 
 Ships from the 8th century C.E. present two unique types of plank assembly:  the 
absence of edge joinery on the Tantura E and F vessels and the use of coak fasteners of 
the Yenikapı ships.  Despite the differences in these regional methods, the framing 
system remains the same – floor timbers alternating with paired half-frames.262  
Although this standardized pattern had endured for twelve centuries in the 
archaeological record, it has finally reached its zenith.  This framing pattern continues to 
be characterized by technological stasis, but several new features appear during these 
intervening 1200 years.  The overlapping of paired half-frames on the keel, the 
application of asymmetrical framing, and the overlapping and fastening of futtocks to 
their partnered framing timbers all serve to more fully integrate the framing into the 
lower and upper portions of the hull.  These seemingly minor changes indicate a 
conceptual shift in the role of framing – from secondary to primary reinforcement – and 
the gradual transition away from shell-based methodologies towards frame-based 
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construction.  Once this pattern is replaced by in-line framing in the 9th century C.E., it 
appears to mostly persist in galley construction.263   
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CHAPTER XV 
9th CENTURY C.E. 
 
Sometime in the late 8th or early 9th century C.E., in which eight shipwrecks are 
cataloged dating firmly to the 9th century C.E., a new framing system consisting of floor 
timbers coupled with unfastened futtocks first appears – in-line framing.264  The floor 
timbers are flat and L-shaped with their long arm alternating from port to starboard at 
each frame.  The long arm of these floor timbers extends well beyond the turn of the 
bilge, while the short arm is extended by a scarfed futtock, typically located on or near 
the turn of the bilge.  This new arrangement of framing is illustrated in figure 7.  By the 
end of the 9th century C.E. this new system of framing supplants the older tradition of 
floor timbers alternating with paired half-frames as the dominant form.  By the 11th 
century C.E., the 1200 year-old pattern disappears completely from the archaeological 
record.  The origin of this new type of framing is unknown, although frames of similar 
design have been documented in some Roman-period vessels outside of the 
Mediterranean, like the Zwammerdam barges in the Netherlands.265  The remains of
                                                          
264 The cataloged wrecks are: the YK 3 (Kocabaş and Kocabaş 2008, 152, 157-61; Kocabaş 2012b, 9-10;  
Kocabaş 2015, 18-9), Tantura F (Barkai and Kahanov 2007, 21, 23), YK 20 (Kocabaş 2015, 17), YK 16 
(Kocabaş and Kocabaş 2008, 180; Kocabaş 2012b, 7; Kocabaş 2015, 26-7), YK 4 (Pulak et al. 2015a, 64-68), 
YK 31 (Kocabaş 2015, 21), Tantura B (Wachsmann et al. 1997, 10, 13; Kahanov 2000, 151, 153, 154), and 
Bosburun (Harpster 2002, 409, 411; Harpster 2005, 102-216, 471-85; Harpster 2009, 297, 301, 302) 
shipwrecks.  The YK 13 (Kocabaş 2015, 26), YK 15 (Pulak et al. 2015a, 50-3), and the YK 29 (Kocabaş 2015, 
21) shipwrecks date to 8th to 9th century CE, while the YK 23 (Pulak et al. 2015a, 50-3) shipwreck dates to 
the end of the 8th to the beginning of the 9th century CE. 
265 de Weerd 1978, 16-7. 
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Figure 7. In-line framing. 
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the 9th century C.E. Tantura B wreck, found in the Dor/Tantura Lagoon, exhibited the 
standard pattern of floor timbers alternating with paired half-frames, signifying that the 
two traditions had a brief period of coexistence before in-line framing became 
dominant.266  While the Bozburun ship (late 9th century C.E.) was once believed to be the 
earliest example of this new framing system, the plethora of ships from Yenikapı reveal 
its use as early as the beginning of the 9th century C.E.267 
The earliest datable example of this new framing system came from the Yenikapı 
(YK) 14 ship which, based on AMS dating and dendrochronology, was dated to the first 
half of the 9th century C.E.268  The preserved portion of the hull measured 12 by 2.5 m 
and was reconstructed to be 14.65 m long with a 3.4 m beam.269  Although the vessel 
had a mostly flat bilge, it was still slightly wine-glass shaped in cross-section in addition 
to having a shallow draft and a pronounced turn of the bilge.  The ship utilized coaks for 
edge-fasteners up to the level of the first wale at which point it was surmised that the 
planking would have been attached to pre-standing frames.270 
As noted earlier, the framing system of this particular vessel was not one of floor 
timbers alternating with paired half-frames but that of in-line framing.271  These frames 
alternated their long, L-shaped arm across the hull with the futtocks scarfed, but not 
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fastened, to the short arms of the floor timbers.  A total of 45 frame stations were 
preserved on the hull with evidence for an additional five more.  The frames averaged 
0.06 m on their sided dimension by 0.10 m on their moulded dimension, and were 
regularly spaced 0.23 m apart.  Only 21 of the floor timbers were fastened to the keel, 
corresponding to every 2nd or 3rd frame.  The frames were fastened to the hull with 
treenails and iron nails, the latter used mostly at the turn of the bilge. 
The available evidence from the Yenikapı excavations shows that the late 8th 
century C.E. to the early 9th century C.E. is a period of technological consolidation.  In the 
span of just one hundred years, a centuries-old tradition is replaced by a new system on 
a pan-Mediterranean scale.  It would not be surprising if this framing pattern dates back 
even further, given its well-developed nature upon its sudden appearance in the 
archaeological record.  Of the three wrecks that date to the 9th century C.E. (YK 23, YK 4, 
YK 12) in the Theodosian Harbor, one reveals floor timbers alternating with paired half-
frames while the other two exhibit in-line framing.272  Every Yenikapı wreck that 
postdates the 9th century exhibits L-shaped floor timbers, for example Yenikapı 24 (10th 
century C.E.), Yenikapı 5 (late 10th century C.E.), and Yenikapı 1 (late 10th or early 11th 
century C.E.).273  Although the hull construction is still shell-based, the framing system 
has transitioned to become the primary source of reinforcement in the hull. 
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By the end of the 9th century C.E., L-shaped floor timbers had spread into the 
Mediterranean, as demonstrated by the Bozburun ship from southern Turkey.  The 
planking of the Bozburun vessel revealed evidence for edge joinery using coaks, as was 
seen in many of the Yenikapı wrecks.274  The timber remains and amphorae cargo 
covered an area measuring 20 by 8 m which, using dendrochronology, dated the felling 
of the timbers to 874 C.E.275  The original dimensions of the ship were estimated to be 
14.3 m in length and 5 m in breadth.  The vessel had a slight wine-glass shaped hull cross-
section with a rounded turn of the bilge.276   
There were 34 surviving floor timbers, which alternated their long arm from port 
to starboard in the same fashion as those of the Yenikapı wrecks.277  Seven of the floor 
timbers were made of oak, while the remaining 27 were of pine.  The 12 preserved 
futtocks revealed that the timbers were installed in two different methods: overlapped 
with but unfastened to its partnered framing timber, or scarfed end-to-end to its 
partnered framing timber.278  The distance of the overlap varied anywhere from the 
length of a single plank to several planks, though there was no fastening between them.  
On six of the seven oak timbers, there was scarfing between the futtocks and the floor 
timbers.  The scarf used was L-shaped and cut vertically into the heads of framing 
timbers; there was a single instance of a nail used to fasten the scarf.  The oak floor 
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timbers’ sided dimension varied from 0.11 to 0.13 m, and the moulded dimension from 
0.21 to 0.23 m over the keel, and 0.11 to 0.13 m approximately 0.60 m out from the keel.  
The pine sided dimension ranged from 0.12 to 0.18 m and the moulded dimension from 
0.14 to 0.17 m.  The futtocks averaged 0.10 m sided and 0.12 m moulded.  The spacing 
of the floor timbers was fairly wide and varied significantly, from 0.30 to 0.40 m center-
to-center.  All of the floor timbers were fastened to the keel with a single iron nail and 
six bolts.  The frames were fastened to the hull with treenails and iron nails, though the 
former was used more regularly.  The Bozburun ship clearly demonstrates that in-line 
framing has spread from Constantinople into the eastern Mediterranean.  The Bozburun 
and Yenikapı 14 ships employ the same framing style and edge joinery, speaking to the 
well-developed nature of this new framing tradition. 
The abrupt emergence of this unique framing tradition indicates that it must have 
imparted significant structural advantages or an increased efficiency in resource usage.  
Alternating the scarf between the futtock and the short arm of the floor timber from one 
side of the vessel to the other avoids creating potentially weak points in the hull.  The L-
shaped floor timbers are also easier to fashion and standardize, which is especially 
important if compass timbers and quality construction wood are becoming more difficult 
to acquire.  Furthermore, the L-shaped floor timbers facilitate the construction of a more 
box-like hull, which allows for a more cargo-efficient ship.  Ultimately, the introduction 
of this new tradition marks the final modification of framing in shell-based ships and 
bridges the gap to frame-based construction; the only distinction is the absence of 
116 
 
fastening between the futtocks and their partnered floor timbers.  Once these timbers 
are fastened to one another, the frames become continuous and facilitate the 
predetermination of the hull shape prior to the installation of the planking.  Shipwrights 
now have every necessary component for developing frame-based shipbuilding except 
for one – how to design successive frames so that they may be pre-shaped and pre-
installed before planking.  This will not come to fruition until the late-10th or early 11th 
century, as evidenced by the 11th-century C.E. Serçe Limanı ship.279 
  
                                                          
279 Steffy 2004, 154-64. 
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CHAPTER XVI 
CONCLUSION 
 
 The arrangement of floor timbers alternating with paired half-frames persists for 
a remarkably long period of time in Mediterranean ship construction, especially 
considering the degree to which ship construction changes during this 1200-year period.  
In the first documented use of this framing arrangement, the 4th-century B.C.E. Kyrenia 
ship, shipwrights are dependent on closely spaced and tightly fitting pegged mortise-
and-tenon hull edge-joinery.  In the centuries before this framing arrangement 
disappears from the archaeological record, it is seen on vessels that utilize widely spaced, 
loose fitting, and unpegged hull edge-joinery or, in some cases, no edge-joinery at all.  All 
of the shipwrecks along with their relevant framing measurements and features are 
listed in table 1.  Despite the obvious developments in shipbuilding during the span of 
this enduring pattern, the framing of ancient Mediterranean ships is only given 
superficial attention.  In some ways, it is easy to see why this arrangement has been given 
so little attention in the scholarly community – its changes are subtle and seemingly 
without direction.  However, while they may be subtle, a better understanding of the 
changes in framing, specifically floor timbers alternating with paired half-frames, is 
critical to a broader comprehension of developments in ancient Mediterranean ship 
construction. 
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 One method to better understand the arrangement of floor timbers alternating 
with paired half-frames is by studying the changes in ship construction between the 
building of the Ma’agan Mikhael ship in the late 5th century B.C.E. and the Kyrenia ship 
in the late 4th century B.C.E. to determine what made this arrangement desirable in the 
first place.  The made-frames present in the partially laced Ma’agan Mikhael ship are 
discarded along with the rest of the Greek laced tradition upon the emergence of pegged 
mortise-and-tenon construction in the Aegean.  With the adoption of this plank edge-
fastening method, there is a slow, adaptive response in ship framing.  The decreased 
center-to-center spacing, non-notched frame bottoms, and the nailing of the frames to 
the planking in the Ma’agan Mikhael ship are the earliest indicators of this adaptive 
response before the complete abandonment of the old framing system in favor of floor 
timbers alternating with paired half-frames.  While it is impossible to determine based 
on the current archaeological evidence when and where this framing system originated, 
the framing in the Kyrenia ship is indicative of an already well-established shipbuilding 
tradition. 
The Kyrenia ship is important for another reason – it establishes a tradition of a 
long; and enduring pairing between strong planking edge-joinery and the arrangement 
of floor timbers alternating with paired half-frames.  These paired features spread 
quickly and are ubiquitous throughout the Mediterranean by the 3rd century B.C.E.  
Within a single century of its first appearance, this framing arrangement has become 
119 
 
uniform in both the placement of the timbers and the spacing of the frames.280  In a 
conceptual sense, this framing arrangement is also uniform as a non-integrated and 
secondary form of hull rigidity – a carryover from framing in the Archaic Greek tradition.   
The question becomes: what structural advantage is imparted by this new 
framing system when implemented alongside pegged mortise-and-tenon joinery, and 
why did it become almost exclusively adopted for the next millennium in the 
Mediterranean?  Starting with the Kyrenia ship, there are very few examples of pegged 
mortise-and-tenon seagoing vessels that deviate from this framing tradition in the 
Mediterranean until the 9th century C.E. with the adoption of in-line framing; clearly, 
once developed, the use of floor timbers alternating with paired half-frames pervaded 
and persisted throughout Mediterranean shipbuilding.  It is significant that the floor 
timbers and half-frames loosely overlap at the turn of the bilge, where hydrostatic 
pressure exerts the most force on the hull and thus requiring additional reinforcement.  
The use of floor timbers and half-frames that alternate at the turn of the bilge is a logical 
method for reinforcing that portion of the ship while minimizing both labor and timber 
requirements.   
Another important factor when examining the adoption of floor timbers 
alternating with paired half-frames is the use of wine-glass shaped hull cross-sections – 
a design that often leaves the garboard strake unreinforced.  Shipwrights were aware of 
                                                          
280 One would expect more variation is this framing arrangement if it were as young as the archaeological 
record indicates.  This strongly suggests that the arrangement of floor timbers alternating with paired 
half-frames dates back to before the 4th century B.C.E. 
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this vulnerability and cognizant that the use of full floor timbers could not easily remedy 
this deficiency.  Due to size and shape limitations, it is difficult to find timber that could 
be shaped into a single-piece floor timber that also reinforces the garboard strake.  This 
is made evident on several ships, including the Kyrenia vessel where separate chock 
pieces are fastened to the floor timber with the sole purpose of buttressing the garboard 
strake.281  Paired half-frames, relatively easily fitted to a hull’s curvature, are a more 
efficient way of addressing this vulnerability.  When the in-line framing system is 
introduced in the 9th century C.E., it is used on hulls with a wine-glass shaped cross-
section.  However, wine-glass shaped cross-sectional hulls are much less pronounced at 
that point in time as compared to earlier examples. 
  The arrangement of floor timbers alternating with paired half-frames, along with 
strong hull edge-joinery, clearly conferred structural and/or economic advantages, and 
was therefore quick to spread among Mediterranean ship builders.  However, it initially 
exists only as secondary method of hull reinforcement while the primary strength of a 
hull is derived from the planking’s pegged edge-joinery.  When discussing the role of 
pegged mortise-and-tenon joinery in the Kyrenia ship, Steffy goes as far as to note that 
it serves as internal framing within the hull planking; the size and spacing of which are 
used by shipwrights to impart strength and rigidity to the hull.282  The design and 
placement of the floor timbers and paired half-frames are meant to reinforce known 
                                                          
281 The separate chock pieces are not always fastened to the floor timber. 
282 Steffy 1989, 250. 
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weaknesses in the hull and areas that undergo high stresses.  In this way, the 
arrangement of floor timbers alternating with paired half-frames is complimentary to the 
use of strong edge-joinery. 
From its first appearance until the 6th century C.E., the pattern of floor timbers 
alternating with paired half-frames remains in relative stasis with only a few notable 
developments.  In the 1st century B.C.E., metal bolts that fasten certain frames to the 
keel first appear.  However, this is not a development in the use or role of integrated 
framing since the metal bolts are utilized only in reinforcing the keel scarfs or keel-to-
end post scarfs.  Thus, any strength or rigidity that is imparted by these bolts to the 
framing system is negligible – at least in the minds of those building ships.  Bolts fastening 
most or all frames to the keel is more a conceptual step forward in transforming the keel 
and frames into a more integrated lower skeleton of a vessel.  In the first few centuries 
before and after the turn of the first millennium, the aberrational dolia wrecks appear.  
While these ships may utilize a different framing arrangement that relies on successive 
floor timbers, their brief appearance in the archaeological record makes them an 
exception, rather than a development. 
Around the 2nd century C.E., asymmetrical framing begins to appear within the 
arrangement of floor timbers alternating with paired half-frames.  Asymmetrical framing 
timbers are observed with all three of the primary framing elements: floor timbers, half-
frames, and futtocks.  None of the ships studied reveal any specific pattern to the 
asymmetry – something one would expect from shipwrights who show a proclivity to 
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standardization and traditionalism.  From the 1st through the 5th centuries C.E., 
asymmetrical framing sees increasing use.  It is very unlikely that asymmetrical framing 
elements were being installed into ships with the conscious purpose of increasing the 
rigidity of hulls.  A better alternative explanation is that shipwrights are beginning to face 
economic conditions and resource scarcity in obtaining quality framing timbers that are 
forcing them to limit costs in ship construction.  In a general sense, shipwrights 
understand that in a strong, shell-built vessel, the framing only imparts a certain amount 
to the hull’s rigidity – as long as the frames adhere to their general pattern, the precision 
of their placement matters little.  Steffy argues similarly when discussing the irregular or 
asymmetrical shapes of frames.283  He contends that frames did not have to follow 
designated lines across the hull so long as they are distributed to allow for the greatest 
reinforcement.   
Beginning in the late 4th century or the early 5th century C.E., the use of strong 
edge-joinery paired with the standard pattern of floor timbers alternating with paired 
half-frames is disrupted – wrecks appear in the archaeological record with a lighter and 
thus weakened mortise-and-tenon edge joinery.  The changes in edge-joinery are 
thought to be cost-saving measures, as closely spaced and tightly fitting mortise-and-
tenon joinery is intensive in both labor and time.  Individually carving out each mortise is 
a slow process; along with precisely cutting each strake and fitting it onto the next, it 
requires significant amount of work and mistakes can result often, sometimes requiring 
                                                          
283 Steffy 2001, 256. 
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the replacement of sections of planking.  The motivation for this change is widely 
considered to be economic in nature – factors like rise of private entrepreneurs in 
maritime commerce and the lesser role of slavery in the labor market changed economic 
conditions under which ships were being built.284  In effect, this is attributing these 
changes in ship construction to changes in the Roman economy.  While logical as the 
Roman economy began to undergo large scale changes and possible even decline around 
this general time period, this attribution has issues of its own.  As with the transition from 
plank-based to frame-based ship construction, there is a debate surrounding what 
occurred in the Roman economy, why, and when.  The biggest issue with relating changes 
in Roman economy to changes in ship construction is the discrepancy in dates.  The 
decline of the Roman economy is generally believed to have begun around the late 2nd 
or early 3rd century C.E., while planking edge-joinery does not begin to change until the 
late 4th to early 5th century C.E.285  While the beginning of the economic decline does 
not align well with changes seen in planking edge-joinery, it does correspond more 
closely with the appearance of asymmetrical framing, lending further credence to the 
argument that this phenomenon is a result of economic factors, and not of structural 
concerns.  Although economic factors alone could motivate changes in ship construction, 
some form of technological innovation would also have been necessary to allow 
                                                          
284 Steffy 1994, 85; Lopez 1959, 79-84; Bass 1982, 312. 
285 Paolilli 2008, 281; Hopkins 1980, 122-4; Scheidel argues that the Roman economy was beginning to 
strain in the Early Imperial period and that growth was confined to the continental hinterlands after this 
period (Scheidel 2009, 70).  Conversely, Wilson argues that the economy did not decline in this period, 
only transitioned to being primarily coastal tramping (Wilson 2011, 54-5.). 
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shipwrights to move away quickly from the closely spaced and tightly fitting pegged 
mortise-and-tenon plank edge joinery. 
The early phase of this shipbuilding transition (late 4th to early 5th century C.E.) 
mirrors the changes observed in Archaic Greek shipbuilding when pegged mortise-and-
tenon joinery and the arrangement of floor timbers alternating with paired half-frames 
was adopted in place of Greek laced edge-joinery and made-frames.  The mortise-and-
tenon edge-joinery is first to be affected, with only minor changes taking place to the 
framing.  In the case of the transition away from robust edge-joinery, the relative stasis 
of the framing pattern continues.  The arrangement of floor timbers alternating with 
paired half-frames does not change in any significant manner and remains prevalent 
throughout the Mediterranean.  This is why the changes in shipbuilding that take place 
in the late 4th through early 5th centuries C.E. should be considered a transitioning away 
from traditional shell-building methods and not necessarily the start of the transition 
towards frame-based construction. 
Beginning in the 6th century C.E., the arrangement of floor timbers alternating 
with paired half-frames undergoes several important changes.  The first and most 
noticeable is that paired half-frames now overlap on the keel.  However, this is most 
likely a regional variation as none of the 37 shipwrecks (dated to between the 5th and 
10th centuries C.E.) excavated at Yenikapı exhibit overlapping paired half-frames. This 
feature may have spread, as it is found in southern France by the 7th century C.E. on the 
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Saint-Gervais II ship which had some ties with the eastern Mediterranean.286  It seems 
that the use of overlapping paired half-frames is a purposeful attempt by shipwrights to 
further strengthen the framing of the vessels, as all ships in which they are found exhibit 
weak (or no) edge-joinery.  This is abundantly clear in the Dor 2001/1 ship in which the 
paired half-frames are not only overlapping but scarfed and fastened together and no 
edge fastening is used in the hull planking.287  However, while shipwrights are 
experimenting to achieve more reinforcement from the framing, the framing itself has 
not changed conceptually.  The arrangement of floor timbers alternating with paired 
half-frames is a non-integrated and secondary form of hull rigidity while ship 
construction continues to shift away from traditional shell-based construction. 
In the 7th century C.E., there is a conceptual shift in framing, although the general 
arrangement does not change.  Frames are fastened to the keel more frequently and 
substantially than in previous centuries, though it should be noted that this is done with 
large, iron nails or spikes.  This feature began in the 6th century C.E., but it is in the 7th 
century C.E. that it became widely used in ship construction.288  When looking at the 
upper portion of the hull, frames are now fastened with forelock bolts, rather than simply 
nailed to the wales. This signifies that shipwrights are attempting to fasten the frames 
                                                          
286 Parker 1992, 373; 142. 
287 From the perspective of the framing, it appears odd that the Dor/Tantura lagoon ships are frame-built 
as there are such limited construction modifications in their design.  Additionally, the arrangement of 
floor timbers alternating with paired half-frames is not found in other frame-based vessels, particularly in 
frame-based ships after the 11th century. 
288 The use of large nails, or spikes, to fasten floor timbers to the keel show that the securing of floor 
timbers is insignificant in transitioning from shell-built vessels to skeleton-based construction, and its 
primary purpose was its use in strengthening the lower framework of the ship. 
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more firmly into the upper portions of the hull.289  When considered alongside the 
increased secure fastening of frames to the lower portion of the hull, it is evident that 
the shipwright’s view of the role of framing within ships shifts towards perceiving it as an 
internal skeleton for the vessel – not the skeletal structure upon which the ship is built, 
but on which the ship is dependent for rigidity.  This is not a quick conceptual transition 
nor an easy one to detect archaeologically, but it is an important turning point in ancient 
ship construction going forward.  Edge-joinery is no longer a significant factor in 
maintaining the strength of a hull.  It is at this point that Mediterranean shipbuilding 
ceases to be transitioning away from shell-based methodologies, rather transitioning 
towards frame-based construction.  This conceptual shift occurs with changes only 
effecting the fastening of the frames and not the arrangement or general design of the 
timbers.  It should be noted that this is not to argue that frame-based construction is 
based upon the arrangement of floor timbers alternating with paired half-frames, but 
that the conceptual shift in the role of framing in ancient Mediterranean ship 
construction is beginning.  The arrangement of floor timbers alternating with paired half-
frames had been originally designed to supplement strong edge-joinery, but now the 
long-standing pairing no longer plays a significant role in Mediterranean ship 
construction. 
                                                          
289 While other changes in ship building in this century, such as the use of frame-based methods above 
the waterline, are the result of cost-saving measures, the use of forelock bolts (as observed on Yassı Ada 
7th century CE) to fasten the wales to the frames is not (Steffy 1994, 83; van Doorninck 1982, 61; Steffy 
1982, 79.  This is evidenced with the Dor 2001/1 vessel which used iron nails (Kahanov and Mor 2014, 
50). 
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Given that strong hull edge-joinery is no longer a primary factor in ship 
construction, it is no surprise that a new framing system soon appears – successive and 
alternating L-shaped floor timbers extended by non-fastened futtocks, or in-line framing.  
The long arm of these floor timbers alternates from port to starboard and a long and 
short futtock extend the frame up the sides of the hull.  This new framing system emerges 
in the Mediterranean around the late 8th or early 9th century C.E. and appears to be first 
centered around Constantinople.  It is theorized that this new framing system had been 
imported from central Europe, as Roman ships from this area exhibit similar framing.290  
These Roman vessels are flat-floored, which is ideal for L-shaped floor timbers, and the 
frames are used to provide reinforcement to the bottom and the sides of a vessel – the 
same role that they first serve in the Mediterranean, providing a conceptual link between 
in-line framing in the Mediterranean and the framing from eastern European riverine 
vessels.  It is further argued that this framing system followed a logical path from the 
Danube river valley through continental Europe and into the Black Sea, explaining why 
this framing arrangement first appears around Constantinople.291  What complicates this 
reasoning is the 5th century C.E. Padovetere river barge, which uses a system of framing 
that appears to be a precursor to in-line framing, as it is found in the northern Adriatic.292  
However, it is still a riverine craft, further validating the argument that in-line framing 
originates in Roman riverine vessels.  Part of the adoption of in-line framing then is the 
                                                          
290 van Doorninck 2002, 902. 
291 Harpster 2005, 499. 
292 Beltrame and Costa 2016, 7. 
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adoption of riverine framing to the construction of seagoing ships.  Why this has 
happened is not clear.  A detailed study of Roman river barge construction and its framing 
system is a topic that needs to be further researched as it would provide important 
insight into how in-line framing developed, arrived in Constantinople, and why aspects 
of riverine ship construction were integrated into the building of seagoing ships.   
The arrangement of in-line framing, consisting of alternating L-shaped floor 
timbers and their corresponding futtocks, is adopted for several reasons.  In-line framing 
finds quick acceptance because these frames facilitate standardization, making it easier 
for shipwrights to control the shape of their ships.  The ability to easily standardize L-
shaped frames is also why these frames are ideal for frame-based construction.  
Alternating the long and short arms of L-shaped floor timbers and varying their length 
permits shipwrights to distribute potential weak points in the hull.293  When first 
adopted, this new framing system is conceptually similar to the previous system of 
alternating floor timbers with paired half-frames, but economic advantages led to its 
success over the previous arrangement.  The most prominent of these economic 
advantages is that L-shaped floor timbers facilitate the construction of more box-like 
hulls resulting in more cargo-efficient merchant ships.  
  The arrangement of floor timbers alternating with paired half-frames does not 
immediately disappear from the archaeological record, although it becomes essentially 
obsolete after the 9th century C.E.  Generally, this old framing pattern lasts longer in 
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galleys, as made evident by the six light galleys found during the Yenikapı excavations.294  
The arrangement also continues to be used in some merchant ships until at least the 10th 
century C.E., likely due to the reluctance of conservative shipwrights to accept an entirely 
new framing system.295    While the arrangement of floor timbers alternating with paired 
half-frames does not directly play an important role in either the shift away from shell-
based construction or the development of frame-based construction, the modifications 
made by shipwrights to this pattern reveal the conceptual development that framing 
underwent during these processes.  A general chronology of the main framing patterns 
is presented in figure 8.296 
One of the fundamental reasons that the arrangement of floor timbers 
alternating with paired half-frames becomes obsolete is that strong hull edge-joinery no 
longer plays an important role in ship construction.  A hull’s edge-joinery is meant to be 
the primary form of strength and this framing arrangement is specifically designed as a 
secondary form of reinforcement.  However, a strong system of planking edge-joinery is 
expensive and time-consuming for shipwrights, and economic factors forced 
                                                          
294 Kocabaş 2015, 26-31; Pulak et al. 2015a, 62-8. 
295 Joncheray 2007, 239-40. 
296 In this timeline asymmetrical floor timbers alternating with paired half-frames and floor timbers 
alternating with asymmetrical paired half-frames have been combined since it has been argued that they 
come from the same root cause – resource scarcity. 
130 
 
 
Figure 8. General framing chronology. 
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them to compromise this system.  It is not until planking edge-joinery begins to change 
that any significant and purposeful changes are observed in the arrangement of floor 
timbers alternating with paired half-frames.  These changes indicate that shipwrights 
knew the primary form of hull strength was weakened and they attempted to 
compensate for this by altering the framing system to make it stronger.  Shipwrights 
likely realized the potential of frames in determining the shape of the hull, but 
technological and conceptual limitations inhibited the building of frame-based ships.  By 
the 8th and 9th centuries C.E., shipwrights around Constantinople have quickly adopted 
the use of successive L-shaped floor timbers.  It is this new system that plays an important 
role in the transition to frame-based construction as evidenced by the L-shaped floor 
timbers used in the first incontrovertible frame-based vessel – the Serçe Limanı ship.  The 
use of L-shaped framing continues until it eventually merges into double framing – a 
framing system that works for hulls of any size.297   
While framing systems in ancient Mediterranean ships have received little 
focused attention in the past, it is clear that a detailed study of the incremental changes 
that take place between the 4th century B.C.E. and the 9th century C.E. reveals important 
details about larger patterns in ship construction during that same time period.  As with 
almost all studies on ancient ship construction in the Mediterranean, this research is an 
attempt to analyze changes in the physical characteristics of hull remains and understand 
the corresponding thought processes of the shipwrights.  Some details, like the overall 
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chronological sequence of development, may be refined with the discovery and 
excavation of new shipwrecks.  However, this is also one of the sources of difficulty in 
this type of focused research on particular features of ship design and construction.  The 
trend towards underwater recording of shipwrecks and away from total excavation 
means that the subtle changes in ancient Mediterranean ship construction may go 
unrecorded or unnoticed.  The lack of standardized recording procedures for ancient 
hulls is further hindered by archaeologists without specialized training in ancient 
Mediterranean ship construction directing the recording of hull remains.  While total 
excavation is impacted deeply by cost, the difficulties of conservation, and lack of proper 
storage and exhibition facilities, more standardized and detailed documentation of hulls 
is needed, especially in face of the few available shipwrecks dating to the 6th and 7th 
centuries C.E.  This is an important time period in which the conceptual purpose of 
framing begins to change; adding data from this time period will contribute significantly 
to a deeper understanding of this shift in construction, in particular how shipwrights 
began to see the framing as the structural skeleton of ships. 
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APPENDIX 
CATALOG OF RELEVANT FRAMING DATA FROM REVIEWED SHIPWRECKS (IN CHRONOLOGICAL ORDER) 
FT = Floor Timber; HF = Half-frame; FUT = Futtocks; R&S = Room and Space 
Name or 
Shipwreck 
Location 
Century 
Overall 
Length 
(m) 
Frame 
Dimensions            
Sided x 
Moulded 
(m) 
Framing 
Elements 
Present 
Are 
Frames 
Fastened 
To Keel? 
Fastener 
Between Hull 
& Frames 
Frame 
Spacing 
(R&S) 
(m) 
Relationship 
Between 
Futtock and 
Floor Timbers 
Where Half-Frame 
Starts 
Additional Notes References 
Kyrenia 
4th C 
B.C.E. 
14 
FT: 0.09 x 0.09; 
HF: 0.08 x 0.08 
Floor 
timbers, 
half-frames 
and futtocks 
No 
Copper alloy 
nails through 
treenails 
0.25 NA Strakes 1-3 
Traditional floor timbers alternating with paired 
half-frames. 
Steffy 1985b, 72; 94; 100. Steffy 1994, 49; 
51. 
Secca Di 
Capistello 
3rd C 
B.C.E. 
20 0.16 x 0.10 
Floor 
timbers, 
half-frames, 
futtocks 
NA 
Copper alloy 
nails 
0.25 
Separated by 
0.15 m 
NA 
Traditional floor timbers alternating with paired 
half-frames. 
Frey et al. 1978, 288; 293; fig. 18. 
Marsala 
3rd C 
B.C.E. 
30-35 NA 
Floor 
timbers, 
half-frames, 
futtocks 
No Iron nails 0.20-0.25 Abutted NA 
Traditional floor timbers alternating with paired 
half-frames. 
Frost 1981, 249; 252; fig. 9. 
Tour Fondue 
3rd C 
B.C.E. 
10-12 
FT: 0.07-0.10 x 
0.07-0.11;  HF: 
0.07 x 0.07 
Floor 
timbers, 
half-frames 
No 
Treenails, 
ligatures 
0.40 NA Strake 1 
Traditional floor timbers alternating with paired 
half-frames. 
Dangréaux et al. 2012, 5-6; 11-3; 21. 
Chrétienne C 
2nd C 
B.C.E. 
15-16 0.08 x 0.08 
Floor 
timbers and 
futtocks 
No Treenails 0.46 Overlapped NA 
Successive floor timbers with overlapping but 
separate futtocks; evidence of reinforcing 
frames between some floor timbers. 
Joncheray 1975a, 49-60; 71; 77. 
Jeune-Garde 
B 
2nd C 
B.C.E. 
NA NA 
Floor 
timbers, 
futtocks, 
top timbers 
NA 
Iron nails 
through 
treenails 
NA NA NA 
Two repair frames fastened with vegetable 
sennit. 
Carrazé 1977, 301-2. 
Pozzino 
2nd C 
B.C.E. 
15 
0.08 x 0.08-
0.22 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Copper alloy 
nails through 
treenails 
0.24-0.26 Abutted Strakes 1-2 
Traditional floor timers alternating with paired 
half-frames; copper nail fastened one floor 
timber fastened to the keel. 
Riccardi 1996, 397; 394-5, fig. 19. 
Punta 
Scaletta 
2nd C 
B.C.E. 
30 0.09 x 0.06 
Floor 
timbers, 
half-frames 
NA NA 0.21-0.24 NA NA   Lamboglia 1964, 240; fig. 1; fig. 2; 3; 248. 
La Rouche 
Fouras 
2nd - 1st 
C B.C.E. 
NA 
0.09 x 0.08-
0.30 
Floor 
timbers, 
half-frames 
No Treenails NA NA Strakes 1-2 
Traditional floor timbers alternating with paired 
half-frames. 
Joncheray 1976, 110; 112-4; fig. 3. 
Joncheray and Rochier 1976, 171-3; 180. 
Carry-le-
Roulet 
2nd - 1st 
C B.C.E. 
NA 0.12 x 0.10 NA NA Treenails NA NA NA   Long 1988, 26-27. 
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Floor Timbers 
Where Half-Frame 
Starts 
Additional Notes References 
Miladou 
2nd - 1st 
C B.C.E. 
15 0.085 x 0.14  
Floor 
timbers, 
half-frames 
No Treenails 0.25 NA 1st or 2nd strake 
Traditional floor timbers alternating with paired 
half-frames. 
Dumontier and Joncheray 1991, 134-6; 
173-4. 
Dramont C 
2nd - 1st 
C B.C.E. 
12-14 
HF: 0.07-0.08 x 
0.13; FT: 0.06-
0.07 x 0.15 
Floor 
timbers, 
half-frames 
NA 
Treenails, 
iron nails 
0.27-0.36 NA Over or near keel 
Traditional floor timbers alternating with paired 
half-frames. 
Joncheray 1994, 23-7, 49-51. 
Cap Benat B 
2nd - 1st 
C B.C.E. 
8 
FT: 0.05-0.07 x 
0.06-0.13; HF: 
0.05-0.07 x 
0.06-0.07 
Floor 
timbers, 
half-frames 
No Treenails 0.21 NA Over or near keel 
Traditional floor timbers alternating with paired 
half-frames; dolia carrier. 
Joncheray 1997, 107; 119. 
Cavalière 
1st C 
B.C.E. 
13 
FT: 0.08-0.10 x 
0.10-0.20;  HF: 
0.08-0.10 x 
0.09 
Floor 
timbers, 
half-frames 
No 
Treenails, 
copper alloy 
nails 
0.23-0.28 Abutted Strakes 1-2 
Traditional floor timbers alternating with paired 
half-frames. 
Charlin et al. 1978, 50; 72; 79-80; fig. 33; 
fig. 34. 
Albenga 
1st C 
B.C.E. 
40 NA NA NA 
Nails through 
treenails 
0.22 NA NA   
Pallarés 1985, 634. Lamboglia 1953, 203; 
206. 
Chrétienne A 
1st C 
B.C.E. 
24-32 
0.08-0.10 x 
0.10 
Floor 
timbers, 
half-frames 
No Treenails 0.07; 0.18 NA Over or near keel 
At least three successive floor timbers near 
mast-step. 
Dumas 1964, 157-7; 165; fig. 15a-b. 
Gerona 
1st C 
B.C.E. 
18-19 
0.08-0.10 x 
0.16 
Floor 
timbers, 
half-frames 
No 
Iron nails, 
treenails 
NA NA NA 
Traditional floor timbers alternating with paired 
half-frames; iron nails and paired treenails 
fastened alternating frames. 
Foerster 1980, fig. 1; 245; 252.  
Grand 
Congloue B 
1st C 
B.C.E. 
23 0.08 x 0.10 
Floor 
timbers, 
half-frames 
NA 
Treenails, 
nails 
0.18 NA Strake 1 
Traditional floor timbers alternating with paired 
half-frames. 
Benoit 1961, fig. 75; 149-51; 164. 
Madraque de 
Giens 
1st C 
B.C.E. 
40 
FT: 0.13-0.14 x 
0.12-0.60; HF: 
0.13-0.14 x 
0.06-0.10 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Treenails, 
nails 
0.23-0.25 
Separated by a 
few centimeters 
Near keel 
Traditional floor timbers alternating with paired 
half-frames; copper alloy bolts fastened some 
floor timbers to the keel. 
Pomey 1978a, 80-3. Pomey 1982, 133; 
140. Pomey 2004a, 371-3. 
Palamos 
1st C 
B.C.E. 
NA 0.09 x 0.09 
Floor 
timbers, 
half-frames 
NA 
Treenails, 
nails 
NA NA NA 
Traditional floor timbers alternating with paired 
half-frames. 
Laures 1983, 220; 223-4. Laures et al. 
1987, 21; 33-35. 
Dramont A 
1st C 
B.C.E. 
NA NA 
Floor 
timbers, 
half-frames 
NA Treenails NA NA Garboard 
Traditional floor timbers alternating with paired 
half-frames; four successive floor timbers near 
the center of the hull. 
Santamaria 1973, 133-4; Santamaria 1975, 
188, 192-4, fig. 8. 
Planier 3 
1st C 
B.C.E. 
NA 0.10 x 0.12 NA NA Treenails 0.20 NA NA 
Traditional floor timbers alternating with paired 
half-frames. 
Liou 1973, 588-9. Tchernia 1971, 71; 74. 
Barthelemy B 1st C C.E. 8-10 NA 
Floor 
timbers, 
half-frames, 
futtocks 
No 
Treenails, 
nails 
0.24 Abutted Over or near keel 
Traditional floor timbers alternating with paired 
half-frames. 
Joncheray and Joncheray 2004a, 26, 37-
43, 71. 
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Caesarea 1st C C.E. 40-45 
FT: 0.14-0.18 x 
0.16-0.26; HF: 
0.16-0.22 x 
0.14-0.20 
Floor 
timbers, 
half-frames, 
futtocks 
NA 
Treenails, 
copper alloy 
nails 
0.25 
Separated 0.01-
0.10 m 
NA 
Traditional floor timbers alternating with paired 
half-frames; half-frames were heavier than the 
floor timbers, particularly near the turn of the 
bilge. 
Fitzgerald and Raban 1989, 184-90; 
Fitzgerald 1995, 33-40, 237, 240. 
Calanque de 
L'Ane 
1st C C.E. 20-25 
0.010-0.12 x 
0.07-0.16 
Floor 
timbers, 
half-frames 
NA NA 0.20-0.24 NA Over or near keel 
Traditional floor timbers alternating with paired 
half-frames. 
Ximénès and Moerman 1994, 110; 
Ximénès and Moerman 1998, 299-300. 
Dramont I 1st C C.E. 25 
0.10-0.11 x 
0.17 
Floor 
timbers, 
half-frames, 
futtocks 
No Treenails 0.25 Abutted NA   
Joncheray and Joncheray 1997, 175-84, 
Joncheray 1998, 150. 
Herculaneum 1st C C.E. 9 0.04 x 0.05 
Floor 
timbers 
NA 
Treenails, 
copper alloy 
nails 
0.24 NA Asymmetrical 
Floor timbers alternating with paired, 
asymmetrical half-frames.  
Steffy 1985a, 519, 520-1; Steffy 1994, 67-
71. 
La Giraglia 1st C C.E. 20 
0.10-0.15 x 
0.08-0.11 
NA NA 
Treenails, 
iron nails 
.23-.37 Abutted NA Dolia carrier. 
Marlier and Sibella 2002, 161, 164-5, 169, 
fig. 2. 
Ladispoli A 1st C C.E. 18 
0.10 x 0.18-
0.20 
Floor 
timbers, 
futtocks 
No Treenails 0.22-0.25 Abutted NA 
At least 21 successive floor timbers extended by 
futtocks; dolia carrier. 
Carre 1993, 14-7, 28. 
Nemi 1 1st C C.E. 71 
0.20 x 0.30-
0.40 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Copper nails 
through 
treenails 
0.65-0.70 Abutted NA 
Traditional floor timbers alternating with paired 
half-frames; frames nailed to keel; chocks used 
to join futtocks and partnered framing element. 
Ucelli 1950, 153, fig. 153, 157, figs. 158, 
159, 379, 382; Bonino 1989, 38-41; Bonino 
2001, 106-7. 
Nemi 2 1st C C.E. 73 NA 
Floor 
timbers, 
half-frames, 
futtocks 
NA NA 0.54-0.61 NA NA   
Ucelli 1950, 153, fig. 153, 157, figs. 158, 
159, 379, 382; Bonino 1989, 41-2; Bonino 
2001, 107-8. 
Sud-Lavezzi II 1st C C.E. 20 NA 
Floor 
timbers, 
half-frames, 
futtocks 
NA NA NA NA NA 
Irregular framing: succession of a floor timber, 
two paired half-frames, three floor timbers, one 
paired half-frame, three floor timbers; three 
successive floor timbers aft.  
Liou and Domergue 1990, 121, 122. 
Napoli A 1st C C.E. 15 0.09 x 0.10 
Floor 
timbers, 
half-frames  
NA NA 0.21 NA Strake 1 
Alternating floor timbers and paired, 
asymmetrical half-frames at the extremities; 
succession of mostly floor timbers in the center 
of the hull. 
Giampala et al. 2005, 67-9. 
Titan 1st C C.E. NA NA 
Floor 
timbers, 
half-frames  
NA Treenails NA NA NA 
Traditional floor timbers alternating with paired 
half-frames; average space between frame 
faces was 0.15 m. 
Benoit 1958, 5, 16, 22. 
Balise de 
Rabiou 
1st C C.E. 15 
0.10-0.12 x 
0.11-0.12 
Floor 
timbers, 
half-frames  
No Treenails 0.24-0.28 Abutted Over or near keel 
Floor timbers alternating with paired, 
asymmetrical half-frames. 
Joncheray and Joncheray 2009, 74, fig. 31, 
95-6. 
Lardier 4 1st C C.E. 22.5 
0.06-0.07 x 
0.06 
Floor 
timbers, 
futtocks 
No 
Treenails, 
iron nails 
0.27 Abutted NA 
One futtock fastened to the side of its 
partnered floor timber. 
Joncheray and Joncheray 2004b, 90, 116-
7. 
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Antirhodos 
1st - 2nd 
C C.E. 
30-31 
FT: 0.24 x 0.37; 
HF: 0.21 x 0.28 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Treenails 0.30 
Separated 0.01-
0.02 m 
Over or near keel 
Traditional floor timbers alternating with paired 
half-frames; copper alloy bolts fastened some 
floor timbers to the keel. 
Sandrin et al. 2013, 47; 51-2; 57. 
Kinneret 
1st - 2nd 
C C.E. 
9 0.06 x 0.07 m 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Iron nails 0.25 NA Asymmetrical 
Floor timbers alternating with paired, 
asymmetrical half-frames; at least eight floor 
timbers and half-frames nailed to the keel. 
Steffy 1987, 327, 329; fig. 4; Steffy 1994, 
65-7. 
Conque des 
Salins 
1st - 3rd 
C C.E. 
15 
0.10-0.14 x 
0.09-0.12 
Floor 
timbers 
NA Iron nails 0.80-0.96 NA NA 
Successive floor timbers; two frame stations 
scarfed together. 
Jézégou 2011, 169; 171; 175. 
Fiumicino 4 2nd C C.E. 8 
0.04-0.06 x 
0.03-0.05 
Floor 
timbers, 
futtocks 
No Treenails NA Abutted NA Successive floor timbers extended by futtocks. 
Boetto 2001, 123-4; 
http://www2.rgzm.de/navis/ships/ship05
4/fiumicino4engl.htm. 
Fiumicino 5 2nd C C.E. 5.61 
0.04-0.06 x 
0.02-0.10 
Floor 
timbers, 
futtocks 
No 
Treenails, 
copper alloy 
nails, iron 
nails 
0.18-0.20 Abutted NA Successive floor timbers extended by futtocks. 
Boetto 2001, 123; Boetto 2006, 123, 124; 
http://www2.rgzm.de/navis/home/..%5CS
hips%5CShip055%5CFiumicino5engl.htm. 
Grado 2nd C C.E. NA NA 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Treenails, 
copper alloy 
nails, iron 
nails 
NA Abutted NA 
Asymmetrical floor timbers alternating with 
paired, asymmetrical half-frames; average 
space between frame faces was 0.14-0.17 m. 
Beltrame and Gaddi 2007, 138, 142-4, 
145-6. 
St. Gervais III 2nd C C.E. 17 
0.14-0.16 x 
0.13 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Treenails, 
copper alloy 
nails 
0.28-0.30 Abutted NA 
Floor timbers alternating with paired, 
asymmetrical half-frames; three frames bolted 
to keel. 
Liou et al. 1990, 219-32, 234, 259-9. 
Torre 
Sgarrata 
2nd - 3rd 
C C.E. 
33 0.08 x 0.15 NA NA Treenails 0.25-0.30 NA NA   Throckmorton 1989, 263, 264, 265, 266. 
Olbia-
Sardinia 
2nd - 3rd 
C C.E. 
15-18 NA 
Floor 
timbers, 
half-frames 
Yes 
Treenails, 
copper alloy 
nails 
NA NA NA Iron bolt fastened one floor timber to the keel. Riccardi 2001, 493, 494, 495. 
La Bourse 
2nd - 3rd 
C C.E. 
23 0.08 x 0.15 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Treenails 0.25 Abutted NA 
Asymmetrical floor timbers alternating with 
paired, asymmetrical half-frames; copper bolts 
fasten eight floor timbers to the keel. 
Gassend 1982, 80-1, 94, 121; Cuomo and 
Gassend 1982, fig. 5; Carre 1998, 101. 
Napoli B 
2nd - 3rd 
C C.E. 
15 0.08 X 0.09 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Nails through 
treenails 
0.26 NA NA 
Floor timbers alternating with paired, 
asymmetrical half-frames; nails fastened three 
floor timbers to the keel. 
Giampala et al. 2005, 69-72. 
Monaco A 
2nd - 3rd 
C C.E. 
12-15 0.07 x 0.12 
Floor 
timbers 
Yes Treenails 0.24-0.25 NA NA Bolt fastened one floor timber to the keel. Mouchot 1968, 176, 181-3, 184. 
Laurons II 3rd C C.E. 15 
FT: 0.07-0.09 x 
0.10-0.20;  HF: 
0.07-0.09 x 
0.09 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Treenails, 
copper alloy 
nails 
0.20-0.22 Abutted Over or near keel 
Floor timbers alternating with paired, 
asymmetrical half-frames; bolts fastened four 
floor timbers to the keel. 
Gassend et al. 1984, fig. 10, 85-6, fig. 17a-
d, 98, fig. 22, 103-5; Ximénès and 
Moerman 1991, 221. 
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Laurons III 3rd C C.E. NA 0.08 x 0.25 NA Yes 
Treenails, 
nails 
NA NA Over keel  Bolts fastened three floor timbers to the keel. Ximénès and Moerman 1987, 174-7, fig. 5. 
Marseille 7/ 
Jules Verne 8 
3rd C C.E. NA 0.05 x 0.07 NA NA Treenails NA NA NA   Pomey 1995, 462-3. 
Laurons I 
3rd - 4th 
C C.E. 
NA 
0.10-0.18 x 
0.12-0.20 
NA NA Treenails 0.20-0.35 NA NA   Ximénès and Moerman 1987, 172-4. 
Port Vendres 
A 
4th C C.E. 18-20 0.13 x 0.23 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Treenails 0.25 Abutted Over or near keel 
Floor timbers alternating with paired, 
asymmetrical half-frames; iron bolts fastened 
seven to eight floor timbers to the keel; three 
successive floor timbers near midships. 
Chevalier and Santamaria 1973, 9, 18-21. 
Dramont F 4th C C.E. 10-12 
0.06-0.11 x 
0.09-0.11 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Treenails 0.37 Abutted 1.0 m from keel 
Traditional floor timbers alternating with paired 
half-frames; iron bolt fastened one frame to the 
keel; loose and widely spaced mortise-and-
tenon hull edge-joinery. 
Joncheray 1975b, 108, 120-3, 131; 
Joncheray 1977, 5, 6, 7. 
Fuimicino 2 4th C C.E. NA NA 
Floor 
timbers, 
half-frames 
Yes 
Iron nails 
through 
treenails 
NA NA NA 
Traditional floor timbers alternating with paired 
half-frames; loose and widely spaced mortise-
and-tenon hull edge-joinery; average space 
between frame faces was 0.24 m. 
Boetto 2001, 124. 
Pointe de la 
Luque B 
4th C C.E. 20 0.13 x 0.13 
Floor 
timbers, 
half-frames 
Yes Treenails NA NA Over or near keel 
Floor timbers alternating with paired, 
asymmetrical half-frames; iron bolts fastened 
three floor timbers to keel. 
Clerc and Negrel 1973, 65-6, 68. 
Fuimicino 1 
4th - 5th 
C C.E. 
17.18 
FT: 0.06-0.10 x 
0.08-0.18; HF: 
0.06-0.10 x 
0.06-0.12 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Iron nails 
through 
treenails 
0.19 Abutted Over or near keel 
Traditional floor timbers alternating with paired 
half-frames; iron bolts fastened six floor timbers 
to the keel; loose, widely spaced and unpegged 
mortise-and-tenon hull edge-joinery. 
Boetto 2000, 99, 100; Boetto 2001, 124-5; 
Boetto 2003, 66, 67; Boetto 2008, 42-5, 
51, 53-5. 
Pakoštane 
4th - 5th 
C C.E. 
15-20 0.09 x 0.10 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Treenails, 
copper alloy 
nails, iron 
nails 
0.26 Abutted NA 
Traditional floor timbers alternating with paired 
half-frames; iron bolts fastened some frames to 
the keel; loose and widely spaced mortise-and-
tenon hull edge-joinery. 
Boetto et al. 2012, 118-20, 128. 
Yassıada II 
4th - 5th 
C C.E. 
19 
FT: 0.12-0.15 x 
0.13-0.35; HF: 
0.08-0.15 x 
0.13-0.35 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Treenails, 
iron nails 
0.27 Abutted Over keel 
Traditional floor timbers alternating with paired 
half-frames; iron bolts fastened six floor timbers 
to keel; loose and widely spaced mortise-and-
tenon hull edge-joinery; pre-erection of midship 
paired half-frame. 
Bass and van Doorninck 1971, 29, 31-2, 
33-4, 37; van Doorninck 1976, 124-7. 
Padovetere 5th C C.E. 22 
FT: 0.12 x 0.16-
0.22; FUT: 0.15 
x 0.06-0.07 
Floor 
timbers 
NA Treenails NA Overlapped NA 
Successive paired L-shaped floor timbers 
fastened with treenails; paired floor timbers 
alternate long arm in orientation across the 
hulls; some short ends of the futtocks scarfed to 
in-line futtocks; sewing, mortise-and-tenon, and 
nails used as hull edge-joinery. 
Beltrame and Costa 2016, 2, 5-7.  
Dramont E 5th C C.E. 15.6-16 
FUT: 0.10-0.15 
x 0.10-0.18 
Floor 
timbers, 
half-frames, 
futtocks 
NA 
Treenails, 
nails 
0.27 Abutted Overlapped 
Floor timbers alternating with paired, 
asymmetrical half-frames; bolts fastened five 
frames to the keel; loose and widely spaced 
mortise-and-tenon hull edge-joinery. 
Santamaria 1995, 116, 150-60, 175-6. 
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Ravenna 5th C C.E. 9 
0.07-0.08 x 
0.08-0.09 
Floor 
timbers, 
futtocks 
Yes 
Treenails, 
iron nails 
0.25 Overlapped NA 
Successive floor timbers; three futtocks nailed 
to three frames. 
Medas 2001, 111; Medas 2003, 45-7.  
YK 34 5th C C.E. NA NA 
Floor 
timbers, 
futtocks 
Yes Treenails NA Abutted NA 
Pegged and unpegged mortise-and-tenon hull 
edge-joinery up to the waterline. 
Akkemik 2015, 119; Kocabaş 2015, 21-2. 
YK 35 5th C C.E. NA NA NA NA 
Treenails, 
copper alloy 
nails, iron 
nails 
NA NA NA Unpegged mortise-and-tenon hull edge-joinery. Akkemik 2015, 125; Kocabaş 2015, 23-6. 
YK 22 
5th –6th 
C C.E. 
NA NA NA NA 
Treenails, 
iron nails 
NA NA NA 
Widely spaced mortise-and-tenon hull edge-
joinery. 
Akkemik 2015, 85; Kocabaş 2015, 23. 
Tantura A 6th C C.E. 12 0.09 x 0.10 NA NA Iron nails 0.32 Overlapped NA No hull edge-joinery. 
Kahanov 2001, 265, 266-7, 268; Kahanov 
and Royal 1996, 21, 22. 
Dor 2001/1 6th C C.E. 16.9 
FT: 0.09 x 0.12; 
HF: 0.09 x 0.10 
Floor 
timbers, 
half-frames, 
futtocks, 
top timbers 
Yes Iron nails 0.24 Abutted Overlapped 
Floor timbers alternating with overlapping, 
scarfed, and fastened paired half-frames; six 
out of seven frame stations near the mast-step 
are floor timbers; iron nails fastened most floor 
timbers and half-frames to the keel; no hull 
edge-joinery. 
Kahanov and Mor 2014, 41, 46-8, 50, 57, 
62-3. 
Port  
Berteau 2 
6th - 7th 
C C.E. 
14.3 0.14 x 0.10 NA NA NA 0.19 NA NA Frame timbers not preserved. Rieth et al. 2001, 30, 36-8. 
Dor 2006 
6th - 7th 
C C.E. 
25 
0.09-0.16 x 
0.08-0.19 
Futtocks NA Iron nails 0.26 Overlapped NA 
Likely floor timbers alternating with paired half-
frames; iron nails fastened scarfed framing 
timbers; unpegged mortise-and-tenon hull 
edge-joinery at extremities. 
Navri et al. 2013, 306-9, 317, 322. 
YK 11 7th C C.E. 11.23 0.09 x 0.10 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Iron nails 0.31 Adjacent Over keel 
Floor timbers alternating with paired, 
overlapping half-frames; long iron nails 
fastened all floor timbers and half-frames to the 
keel; unpegged mortise-and-tenon joinery. 
Pulak et al. 2014, 15; Pulak et al. 2015a, 
47-50; Pulak et al. 2015b, 106. 
Yassıada I 7th C C.E. 20.5 
0.12-0.16 
(sided) 
Floor 
timbers, 
half-frames 
Yes Iron nails 0.30-0.35 NA Over keel 
Traditional floor timbers alternating with paired 
half-frames; no hull edge-joinery above the 
waterline; every fourth frame bolted to wale; 
bolts fastened one out of every four frames to 
keel; iron nails fastened the other frames to the 
keel. 
van Doorninck 1982, 41, 56, 57, 71, 73, 75-
7, 83. Pomey et al. 2012, 267. 
Pantano 
Longarini 
7th C C.E. 31.5 
0.18-0.25 x 
0.18-0.25 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Iron nails 0.35 Overlapped NA 
Floor timbers alternating with paired half-
frames; loose, unpegged mortise-and-tenon 
hull edge-joinery up to the waterline; no hull 
edge-joinery above waterline.  
Throckmorton and Throckmorton 1973, 
244, 249, 252; Kampbell 2007, 45, 53-4, 
65. 
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Saint-Gervais 
II 
7th C C.E. 15-18 
FT: 0.12-0.20 x 
0.22-0.40; HF: 
0.10-0.15 x 
0.10-0.27 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Treenails, 
iron nails 
0.25 Overlapped Overlapped 
Floor timbers alternating with paired, 
overlapping half-frames; iron bolts fastened all 
but one frame to the keel; widely spaced, loose, 
and occasionally unpegged mortise-and-tenon 
hull edge-joinery. 
Jézégou 1985, 351, 353-4; Jézégou 1989, 
139-40. 
Dor D 7th C C.E. 15-20 0.11 (sided) NA NA 
Treenails, 
iron nails 
0.23 NA NA 
Loose, unpegged mortise-and-tenon hull edge-
joinery. 
Kahanov and Royal 2001, 257, 261, 264. 
Tantura E 
7th - 9th 
C C.E. 
12.5 0.10 x 0.12 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Iron nails 0.26 Overlapped Overlapped 
Floor timbers alternating with paired, 
overlapping half-frames; no hull edge-fasteners; 
iron nail fastened each floor timber to the keel. 
Israeli and Kahanov 2012, 373-5, 383, 385. 
YK 3 
7th - 9th 
C C.E. 
18 NA 
Floor 
timbers, 
futtocks 
Yes 
Treenails, 
iron nails 
NA Overlapped NA 
In-line framing extended by futtocks; iron nails 
fastened floor timbers to the keel; dowels used 
as hull-edge joinery up to the first wale; no hull 
edge-joinery above the first wale. 
Akkemik 2015, 23; Kocabaş 2012a, 152-63; 
Kocabaş and Kocabaş 2008, 152, 157-61; 
Kocabaş and Kocabaş 2010, 196-8; 
Kocabaş 2012b, 9-10; Kocabaş 2015, 18-9. 
Tantura F 8th C C.E. 15 0.08 x 0.11 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Iron nails 0.28 Overlapped Overlapped 
Floor timbers alternating with paired, 
overlapping, scarfed, fastened, asymmetrical 
half-frames; series of successive floor timbers 
near mast-step; iron nails fasten floor timbers 
to the keel; futtocks fastened to floor timbers 
with iron nails; no hull edge-joinery. 
Barkai and Kahanov 2007, 21, 23. 
YK 16 8th C C.E. NA 0.05 x 0.06 
Floor 
timbers, 
half-frames, 
futtocks 
NA 
Iron nails, 
dowels 
0.21-0.26 Overlapped NA 
Floor timbers alternating with paired half-
frames; a light galley; coaks used as hull edge-
joinery. 
Akkemik 2015, 57; Kocabaş 2012a, 176-82; 
Kocabaş and Kocabaş 2008, 180. Kocabaş 
2012b, 7. Kocabaş 2015, 26-7. 
YK 19 8th C C.E. NA NA 
Floor 
timbers 
NA NA NA NA NA Coaks used as hull-edge joinery.  Akkemik 2015, 73; Kocabaş 2015, 17. 
YK 29 8th C C.E. NA NA 
Floor 
timbers, 
half-frames, 
futtocks 
NA Iron nails NA Overlapped Overlapped 
Floor timbers alternating with paired, 
overlapping half-frames; no hull edge-joinery. 
Akkemik 2015, 105; Kocabaş 2015, 21. 
YK 27 
8th - 9th 
C C.E. 
NA NA 
Floor 
timbers, 
futtocks 
NA Iron nails NA Overlapped NA 
Floor timbers neither scarfed nor nailed to 
futtocks; no hull edge-joinery. 
Akkemik 2015, 99; Kocabaş 2015, 23. 
YK 17 
8th - 9th 
C C.E. 
18 0.06 x 0.08 
Floor 
timbers, 
futtocks 
Yes Iron nails 0.31 Overlapped NA 
Futtocks and floor timbers fastened to wale 
with iron nails hammered from the floor 
timbers; no hull edge-joinery. 
Akkemik 2015, 65; Kocabaş 2012a, 168-75; 
Kocabaş and Kocabaş 2008, 168, 171-2; 
Kocabaş 2015, 23. 
YK 13 
8th - 9th 
C C.E. 
NA NA 
Floor 
timbers, 
half-frames, 
futtocks 
NA NA NA Overlapped Overlapped 
Floor timbers alternating with paired, 
overlapping half-frames; coaks used as hull 
edge-joinery. 
Akkemik 2015, 49; Kocabaş 2015, 26. 
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YK 15 
8th - 9th 
C C.E. 
17.40 NA 
Floor 
timbers 
NA 
Treenails, 
iron nails 
0.35 NA NA 
Iron nails fastened some floor timbers to the 
keel; coaks used as hull edge-joinery. 
Akkemik 2015, 55; Kocabaş 2012a, 164-67; 
Kocabaş and Kocabaş 2008, 164, 166; 
Kocabaş 2015, 20-1. 
YK 23 
8th - 9th 
C C.E. 
15 0.11 x 0.15 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Iron nails 0.38 Overlapped Strake 1 
Floor timbers alternating with paired, 
overlapping half-frames; coaks used as hull 
edge-joinery. 
Pulak et al. 2014, 16; Pulak et al. 2015a, 
50-3; Pulal et al. 2015b, 106-7. 
YK 4 
8th - 10th 
C C.E. 
18 
0.06-0.07 x 
0.06-0.07 
Floor 
timbers, 
half-frames, 
futtocks 
Yes 
Treenails, 
iron nails 
0.23 Overlapped Strake 1 
Floor timbers alternating with paired, 
overlapping half-frames; iron nails fastened all 
floor timbers and half-frames to the keel; coaks 
used as hull edge-joinery. 
Pulak 2010, 213; Pulak et al. 2014, 13-4; 
Pulak et al. 2015a, 64-68; Pulak et al. 
2015b, 111-2. 
YK 20 
9th - 10th 
C C.E. 
NA NA 
Floor 
timbers, 
futtocks 
NA 
Treenails, 
iron nails 
NA Overlapped NA 
In-line framing extended by scarfed futtocks; 
coaks used as hull edge-joinery up to the first 
wale; no hull edge-joinery above the first wale. 
Akkemik 2015, 77; Kocabaş 2015, 17. 
YK 12 9th C C.E. 9.6 
0.04-0.07 x 
0.09-0.10 
Floor 
timbers, 
futtocks 
NA 
Treenails, 
iron nails 
NA Abutted NA 
In-line framing extended by scarfed and 
fastened futtocks; coaks used as hull edge-
joinery. 
Akkemik 2015, 43; Kocabaş 2012a, 112-24; 
Kocabaş and Kocabaş 2008, 112, 114, 121-
3; Kocabaş and Kocabaş 2010, 200; 
Kocabaş 2012b, 10-2; Kocabaş 2015, 15-6. 
Tantura B 9th C C.E. 19-30 0.09 x 0.09 
Floor 
timbers, 
half-frames 
Yes Iron nails 0.26 NA Over keel 
Floor timbers alternating with paired, 
overlapping half-frames; iron nails fastened 
each floor timber and half-frame to the keel; no 
hull edge-joinery. 
Wachsmann et al. 1997, 10, 13; Kahanov 
2000, 151, 153, 154. 
YK 31 9th C C.E. NA NA 
Floor 
timbers, 
half-frames, 
futtocks 
NA NA NA Overlapped Overlapped 
Floor timbers alternating with paired, 
overlapping half-frames; no hull edge-joinery. 
Akkemik 2015, 111; Kocabaş 2015, 21. 
Bozburun 9th C C.E. 14.3 
FT: 0.12-0.17 x 
0.14-0.22; FUT: 
0.10 x 0.12 
Floor 
timbers, 
futtocks 
Yes 
Treenails, 
iron nails 
0.30-0.40 Overlapped NA 
In-line framing extended by overlapped, 
scarfed, unfastened futtocks; iron nails fastened 
each floor timber to the keel; coaks used as hull 
edge-joinery. 
Harpster 2002, 409, 411; Harpster 2005, 
102-216, 471-85; Harpster 2009, 297, 301, 
302. 
Agay A 
10th C 
C.E. 
20-25 
0.12-0.14 x 
0.10-0.13 
Floor 
timbers, 
half-frames, 
futtocks 
Yes Nails 0.32 Overlapped Overlapped 
Floor timbers alternating with paired and 
overlapped half-frames; no hull edge-joinery. 
Joncheray 2007, 231, 239-41, 248. 
 
 
